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Dissertation Abstract: 
Circular economy has been promoted as an alternative to the linear production and 
consumption patterns prevalent since the industrial era. The implementation of circular economy 
has proceeded in multiple ways, with different leading actors, e.g. strong industry champions 
(bottom-up) or with strong government involvement (top-down) and different environmental and 
economic drivers. This dissertation focuses on the realization of circular economy in a 
developing economy where there is no strong champion to promote it. It is argued that 
sustainable entrepreneurship can be a key mechanism for the development of circular economy 
activity.  A circular economy focused incubator can provide a mechanism to identify and 
develop circular opportunities and find nascent entrepreneurs interested in sustainable enterprise. 
First, a conceptual and theoretical framework is developed that modifies the traditional 
incubator to promote circular economy. The new incubator model engages additional actors to 
provide information needed to identify circular economy opportunities and provide support to 
develop solutions.  Two main challenges are identified to implement this modified incubator in a 
developing economy. First, environmental data and information to support opportunity 
identification is often lacking, mainly due to weak institutional capacity. Second, it is not clear 
how to develop and organize a supportive network to nurture opportunities found within the 
economy.   
Strategies to address these challenges are explored via a case study of plastic flows in 
Trinidad and Tobago (T&T) - a small island with a developing economy. First, the problem of 
lack of data is addressed by leveraging data sources made for other purpose (trade and waste 
characterization) to develop a materials flow analysis (MFA) that supports circular economy 
planning. This methodology succeeds in in realizing a fine-grained, disaggregated material flows 
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for plastics in T&T. Lessons from this MFA include a significant share of waste plastics arising 
from the packaging of imported products. This material flow is then used to recommend CE 
management strategies for plastics in the country. The resulting method is applicable to other 
nations with poor data on materials flows in manufacturing but rich trade and waste data 
To address the challenges with developing a network supporting the CE incubator, 
interviews are conducted with potential actors in T&T and analyzed using a grounded theory 
approach. A major result of the analysis is concerns on government participation raised by some 
actors. With refined understanding of the obstacles and motivations, recommendations are made 
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Chapter 1 - Introduction 
 
Background and Motivation  
Fundamentally, sustainability is a process where development meets the needs of the 
present while preserving the ability of future generations to do the same (Brundtland et al., 
1987).  The industrial model of production and consumption (take, make, dispose) is 
unsustainable (Bocken, de Pauw, Bakker, & van der Grinten, 2016; Ellen MacArthur 
Foundation, 2013; Ghisellini et al., 2016; Gregson, Crang, Fuller, & Holmes, 2015; Markard, 
Raven, & Truffer, 2012; McKinsey, 2012; Seiffert & Loch, 2005).  Essentially it is a linear 
model where natural resources are converted to waste via production (and consumption) 
(Murray, Skene, & Haynes, 2017).  According to the MacArthur Foundation (McKinsey, 2012), 
declining prices for resources has spurred economic growth in advanced economies.  These 
declining prices coupled with the relatively low cost of other inputs (labor, energy, etc.) has 
promoted inefficiency in the supply chain and production systems, resulting in post-consumer 
waste irrespective of residual value. 
Society and businesses today are under increasing pressure to improve environmental 
performance as economies are faced with the impacts of this linear approach to extraction, 
production, and consumption (Korhonen, Honkasalo, & Seppälä, 2018; Meadows, Randers, & 
Meadows, 2004); requiring a transition to a more sustainable approach to economic development 
and consumption.  While various developmental options that place emphasis on the environment 
are available, the circular economy (CE) provides for sustainable development in 
industrialization and urbanization (D'Amato et al., 2017).     
CE originates within industrial ecology (IE) (Bocken, Olivetti, Cullen, Potting, & Lifset, 
2017; Ghisellini et al., 2016; McDowall et al., 2017).  Both focus on the closure of energy and 
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material loops (Ehrenfeld, 2004; Ellen MacArthur Foundation, 2013), and are antithetical to the 
traditional linear economy of take, make, waste (Järvenpää, Salminen, & Ruohomaa, 2019; Ness, 
2008).  CE draws heavily from industrial ecology (Frosch & Gallopoulos, 1989), and industrial 
ecology contributes to the transition to CE (Saavedra, Iritani, Pavan, & Ometto, 2018), seeking 
to reduce the anthropogenic impact on the environment from production and consumption 
patterns without compromising economic growth (Jackson, Lederwasch, & Giurco, 2014; Pratt, 
Lenaghan, & Edward, 2016).  The CE approach to development attempts to decouple economic 
growth from negative environmental impacts.  Instead, it promotes a balance in the triple bottom 
line of economy, environment, and society through the development of closed loop systems, 
improving resource use and efficiency (Ghisellini et al., 2016). This circular approach promotes 
the redesign of products with the goal of minimizing inputs and the resulting waste (D'Amato et 
al., 2017; Ellen MacArthur Foundation, 2013; Ghisellini et al., 2016; McKinsey, 2012).  
While not explicitly articulated (Geissdoerfer, Savaget, Bocken, & Hultink, 2017), CE 
has been viewed as a mechanism for businesses to promote sustainable development (Ghisellini 
et al., 2016; Murray et al., 2017), there have been questions on the practicality of the approach 
(Naudé, 2011).  CE includes in its strategies cascading management of materials via reduction, 
reuse, and recycling (Ghisellini et al., 2016; Kirchherr, Reike, & Hekkert, 2017), as well as more 
recently the adoption of energy recovery as a strategy (Directive, 2008).  These CE strategies 
may be under-explored as opportunities by traditional entrepreneurs in developing economies, 
often due to a lack of incentive to comply with environmental rule (Russell & Vaughan, 2003), 
or lack of political will to enforce regulations (Earnhart, Khanna, & Lyon, 2014).  
Lieder and Rashid, 2016, concluded that practical implementation of CE requires two 
approaches based on the assumption that stakeholders have opposing motivations.  The authors 
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propose an approach where top-down activities such as legislation, supportive infrastructure, and 
social awareness are developed simultaneously with bottom-up activities that include the 
development of collaborative business models (the way in which a firm operates (Magretta, 
2002)).  Lieder and Rashid also conclude that CE research has evolved along the path of waste 
generation, resource use and environmental impacts while ignoring the business and economic 
perspective which can negatively affect the implementation of CE.  As such, they call for added 
research into business models as one of the triggers for CE development.  Interestingly, the 
approach seems to be a melding of the Chinese approach to CE, that saw government direction 
of the economy requiring firms to adapt to a circular pattern and the western perspective where 
individual companies sought market-related advantages as seen in Europe, the United States and 
Canada. 
 It has been argued (Geels, 2002; Rip & Kemp, 1998) that this transition to CE must also 
occur within three levels of the economy; macro, meso, and micro (Gliedt, Hoicka, & Jackson, 
2018; Jackson et al., 2014).  The topic for the dissertation is embedded in the meso level; eco-
industrial parks (Heeres, Vermeulen, & De Walle, 2004; Shi, Chertow, & Song, 2010) and a 
specialized incubator for the development of sustainability-focused business entities (micro 
level) (Jackson et al., 2014; Sakr, Baas, El-Haggar, & Huisingh, 2011). 
The majority of the literature on CE has emerged from Europe, and China (Geissdoerfer 
et al., 2017), with 41 studies based in China, 20 studies in Europe, 5 studies in the USA and 4 in 
Canada (Ghisellini et al., 2016).  For China, the top-down approach to CE was developed in an 
effort to balance the country’s rapid economic growth and resource challenges (McDowall et al., 
2017; Yuan, Bi, & Moriguichi, 2008) allowing the country to leapfrog to a more sustainable 
structure (Geng & Doberstein, 2008; D. J. Zhu, 2008).  In Europe, the emphasis was on business 
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opportunities (bottom-up) that have also promoted resource efficiency (McDowall et al., 2017).  
The top-down approach developed in China has allowed for experiments in policy and planning 
aimed at identifying and scaling of successes in CE, whilst, the bottom-up approach in Europe 
allowed for the focus on design and incentives (Bocken et al., 2017).  
Unlike other approaches for decoupling economic growth and environmental impacts, CE 
focuses on industrial as well as economic, resource, and environmental concerns (D'Amato et al., 
2017).  CE can provide macroeconomic benefits (MacArthur, Zumwinkel, & Stuchtey, 2015), 
counter to the traditional linear consumption pattern, promoting sustainable and renewable 
sources of energy as well as sustainable consumption and production patterns.  The transition to 
CE can help build resilient infrastructure, promote sustainable industrialization, foster 
innovation, and create new jobs (MacArthur et al., 2015; Morgan & Mitchell, 2015).   
Some argue that development of a greener economy cannot simply be driven by policy 
but requires the engagement of entrepreneurs and private sector investment (Farinelli, Bottini, 
Akkoyunlu, & Aerni, 2011; Lieder & Rashid, 2016).  Farinelli et al., (2011) further assert that 
governments should focus on the development of a system that supports large scale innovation 
rather than small niches.  Furthermore, there is a possibility that the transition to CE can reduce a 
nation’s dependency on imports by generating revenue and products from unused and unwanted 
waste (Mulrow, Derrible, Ashton, & Chopra, 2017).  This is possible because CE-derived 
practices can increase resource use efficiency and close material loops, leading to lower 
materials costs and the development of local economies.  Thus, entrepreneurs that take advantage 
of CE opportunities can reduce expenses and strengthen their economic performance, while 
lowering their impact on the environment. 
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While the focus of this dissertation is grounded in the meso and micro levels, transition to 
CE requires a change at the macro level also (Geels, 2002; Gliedt et al., 2018; Jackson et al., 
2014; Rip & Kemp, 1998).  The greening of the economy requires policy interventions that 
promote better waste management and incentives for innovation development.  Policy 
interventions have been popular in the development of CE but further analysis of the economic 
aspects of CE are required (Lieder & Rashid, 2016).  The economics literature has considered 
several pricing related concepts addressed within environmental policy (including waste 
management) and its impact on the economy (Calcott & Walls, 2005; Han, Shen, & Bian, 2018; 
Palmer & Walls, 1997).  Pricing policies connected to waste management including 
deposits/refunds, advanced disposal fees, and recycling subsidies have been explored (Cui & 
Sošić, 2019; Palmer, Sigman, & Walls, 1997; Schuyler, Hardesty, Lawson, Opie, & Wilcox, 
2018) and are seen to impact the reduction of waste via recycling and source reduction.  The use 
of deposit/refund systems has been seen as the most economical approach can positively impact 
disposal and recycling rates and is a preferred approach (Degli Antoni & Vittucci Marzetti, 2019; 
Palmer & Walls, 1997) providing a social optimal balance between waste disposal and recycling.  
However, no one approach to policy instruments has been effective in achieving environmental 
and economic goals, and an integrated approach to policy works best (Kern, Kivimaa, Rogge, & 
Rosenow, 2018; Walls & Palmer, 2001).   
For developing economies, CE can be considered a solution to some waste management 
challenges as it promotes waste valorization and recycling (Ferronato et al., 2019).  While 
secondary markets provide an opportunity for economic benefits (Schreck & Wagner, 2017), 
there are a number of barriers that limit the use of secondary materials due to its fragmented 
markets including pricing considerations, challenges to traceability and transparency in the 
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supply chain (Milios et al., 2018).  Coordination within the value chain can be considered the 
most important intervention that can be made to combating these barriers (Milios et al., 2018); a 
CE incubator can fulfill this role. 
Wealth creation and social responsibility can be pursued simultaneously (Stevens, Moray, 
& Bruneel, 2015) and there is evidence that, if approached strategically, social responsibility can 
improve financial performance (Tang, Hull, & Rothenberg, 2012). By developing closed-loop 
systems for various materials, CE (like industrial symbiosis) can promote the use of waste as 
inputs for industry, promoting inter-industrial cooperation (D'Amato et al., 2017), diverting 
waste materials with potential value from landfills, addressing concerns of resource scarcity, 
environmental impact, and possible economic benefits (Lieder & Rashid, 2016; Schreck & 
Wagner, 2017).  
Smaller developing economies face specialized CE challenges.  CE opportunities can be 
overlooked, as economic development (and by extension entrepreneurial activity) in the 
industrial era are generally linear (Ellen MacArthur Foundation, 2013; MacArthur, 2015; 
McKinsey, 2012).  But this linear approach is not sustainable (Andrews, 2015), and as firms and 
economies face increasing pressure with respect to the environment, sustainability can 
increasingly provide entrepreneurial opportunities to those capable of finding and recognizing 
them (Bocken, Ritala, Albareda, & Verburg, 2019; Boons, Montalvo, Quist, & Wagner, 2013; 
Dean & McMullen, 2007; Geissdoerfer, Bocken, & Hultink, 2016; Kita & Šimberová, 
2018).   To ensure long-term sustainability, economic growth needs to be decoupled from 
increasing resource consumption and its environmental impacts (Schandl et al., 2016).  It seems 
logical to consider this emerging need as an entrepreneurial opportunity and entrepreneurs can 
use CE to disrupt linear economies and linear-economy incumbents.  
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Traditional entrepreneurial activity is often linked to economic growth and development 
and is a hallmark of the modern economy (Naudé, 2010). The development and success of 
entrepreneurial activity is predicated upon the identification of opportunity and is impacted by 
the individual’s entrepreneurial orientation (EO) (Covin, Green, & Slevin, 2006; Covin & Slevin, 
1989, 1991; Covin & Wales, 2012; Lomberg, Urbig, Stöckmann, Marino, & Dickson, 2017; 
Lumpkin & Dess, 1996; Miller, 1983; Moreno & Casillas, 2008; Rauch, Wiklund, Lumpkin, & 
Frese, 2009) and access to diverse information (Hull, Tang, Tang, & Yang, 2019; Jin et al., 2017; 
Kazanjian, Drazin, & Glynn, 2002; Leonard-Barton, 1995; Ozgen & Baron, 2007; Vogel, 2017) 
When this mindset is combined with a strong environmental sustainable orientation (ESO) it can 
give rise to the improved performance and robustness of a business (Amankwah-Amoah, Danso, 
& Adomako, 2018) in a developing country.   
With entrepreneurial activity being an important part of the economy (Naudé, 2010), 
entrepreneurship and the associated innovation are important to a country’s development.  
Incubators are considered a major tool for the development of various types of entrepreneurial 
activity based on the incubator goal (Aernoudt, 2004; Cooper, 1985; Hausberg & Korreck, 2018; 
Kolympiris & Klein, 2017).  While mentioned in passing, the use of incubators is curiously 
absent from both the industrial symbiosis (IS) and CE literature, and when it is mentioned, it is 
done so only in passing, as a mechanism to improve the performance of eco-industrial parks 
(EIPs).  Ashton et al., (2015) noted that the initial stages of business development provided an 
opportunity for the inclusion of IS into the culture of the company.  Mulrow et al., (2017) 
identified the use of an incubator framework, where it has been used in facility-level IS projects.  
The authors identify a basic business incubator approach listing a few characteristics related to 
antecedents for incubator formation, as well as obstacles and motivations involved.   Other 
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authors have noted the use of incubators in waste management (Aid, Eklund, Anderberg, & Baas, 
2017) as well as a mechanism for the improvement of EIP performance (Bellantuono, Carbonara, 
& Pontrandolfo, 2017).   
The gap in the IS and CE literature regarding the use of incubators presents an 
opportunity to explore disrupting the linear consumption approach that dominates economies 
today by providing a mechanism for an economy to decouple its economic development from the 
challenges of environmental sustainability and pollution using sustainable entrepreneurs and a 
CE incubator to disrupt the status quo (Dean & McMullen, 2007).  The research and 
development of a specialized incubator framework can provide an additional opportunity for the 
development and testing of profitable business models associated with CE, disrupting current 
unsustainable business models, while promoting environmental sustainability.  In the quest to 
provide smaller developing economies with the benefits of circular economy a decoupling of 
economic development from the negative impacts of environmental degradation is needed.  One 
process to achieve this goal is the systemic development of environmentally sustainable 
entrepreneurial activity.   
Problem Statement - in the absence of a culture of CE as seen with either strong control 
of the economy (China) or with industrial champions (Europe), how can CE be developed?   
 I argue that entrepreneurial activity can be used to develop CE behavior in an 
environment.   Incubators may focus on sustainability-related activities (Fonseca & Chiappetta 
Jabbour, 2012; Potts, 2010) or may even require a sustainable orientation for its tenants (Bank, 
Fichter, & Klofsten, 2017), and as such,  the use of a focused CE business incubator can provide 
a mechanism for the identification and development of these sustainable entrepreneurs and by 
extension, the development of CE within an economic region.  
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Research Questions 
Market opportunities are often identified and developed by entrepreneurs and this is their 
natural role (Vogel, 2017).  However, they may need support in navigating and surviving the 
initial realities of the market and this type of support is the incubator’s most basic function 
(Cooper, 1985; Dutt et al., 2016; Lamine et al., 2018).   The use of incubators is a well-
established mechanism for entrepreneur growth and is a hallmark of the modern economy 
(Naudé, 2010).  Entrepreneurs, like other leaders, create bounded rationality that focuses their 
attention on some information sources and types (Jin et al., 2017; Simon, 1997), and so miss 
opportunities embedded in information outside of their focus.  Sustainability is increasingly 
providing entrepreneurial opportunities to those capable of finding and recognizing them 
(Bocken et al., 2019; Boons et al., 2013; Dean & McMullen, 2007) and entrepreneurs can use CE 
to disrupt the traditional linear economies and linear-economy incumbents.   
Another consideration for the development of entrepreneurial activity is the stage of 
economic development (Acs, Desai, & Hessels, 2008) of the country.  Developing countries can 
be in transition between economic stages, (factor, efficiency, and innovation driven stages) and 
this can impact entrepreneurial activity (necessity versus opportunity-based entrepreneurship) 
(Acs et al., 2008).  
Necessity-driven entrepreneurship is focused on survival, while opportunity-driven 
entrepreneurial activity is linked to wealth creation (Acs et al., 2008).  As such, the type of 
entrepreneurship and the support required may well be impacted by the economic stage, 
requiring a variation in policy (van der Zwan, Thurik, Verheul, & Hessels, 2016) and logically, 
how a specialized CE incubator supports entrepreneurial activity present in the economic 
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environment. Therefore, before a CE incubator can be implemented a few fundamental questions 
need to be answered. 
1. What should the proposed CE incubator look like?  
a. How can the traditional incubator be modified to support the development of 
sustainable entrepreneurs and by extension, CE activity?   
b. Who are the actors and what roles do they fill? 
 
Tied to the identification of opportunity is access to information, the knowledge-based 
view of the firm indicates that there are competitive advantages provided by novel information 
(Grant, 1996; Hull et al., 2019; Kazanjian et al., 2002).  However, many developing countries 
may lack the knowledge and infrastructure necessary to exploit CE opportunities  due to weak 
institutional capacity as indicated by their statistical capacity indicator (SCI) score (a measure of 
a developing economy’s ability to generate and disseminate high-level statistics) (The World 
Bank, 2018), and this is a hurdle to be overcome.  The CE focused incubator in its support for 
sustainable entrepreneurship development must look for and disseminate environmentally 
relevant data and information.   
Information such as material flows can provide useful data to nascent entrepreneurs 
allowing them the opportunity to connect the dots (Eckhardt, Ciuchta, & Carpenter, 2018; Ozgen 
& Baron, 2007; Patzelt & Shepherd, 2011) and create an environmentally sustainable venture.  A 
material flow analysis (MFA) is an analytical tool for the assessment of flows and stocks of 
materials within a defined system (Brunner & Rechberger, 2003).  For example, the MFA 
quantifies flows through an environment providing opportunities for legal, policy and efficiency 
interventions, highlighting environmental problems, and providing needed technical data for 
decision making and planning.  In the data-poor environments of developing economies, the 
acquisition of this information may be problematic as it is not collected by established 
institutions.  This reality leads to my second research question: 
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2. Can material flow analysis (MFA) support strategic decisions necessary for the 
development of circular economy (CE) in a developing country? 
a. How can the MFA be constructed in an environment with poor production data 
and rich trade and waste data? 
b. How can the data from such an MFA be used to inform strategic decisions 
related to CE strategies? 
The literature points to the importance of stakeholder engagement and inclusion (Belz & 
Binder, 2015; Cohen, 2005; Geissdoerfer et al., 2017; Geng, Fu, Sarkis, & Xue, 2012; 
Lewandowski, 2016; Lieder & Rashid, 2016).  What is often missing is the stakeholder 
perspective on the challenges for participation in a developing economy; what are the obstacles 
and motivations for participation in CE activities and the network needed for incubator 
performance and success?  This gap leads to the final question  
3. What are the challenges and motivations for participation in a CE incubator by actors? 
a. Are there related challenges across actors that need to be addressed? 
b. How can obstacles be overcome to promote network formation? 
 
It is hoped that the answer to these questions can provide a generalizable approach for the 
development of CE in environments that do not have strong government control of the economy 
or industry champions that can promote CE.  The implementation of this approach can assist 
environments to:   
1. improve opportunity identification within the environmental sphere leading to 
a. improvements in environmental performance and sustainability. 
b. the development of a profitable business model that stands firmly within the triple 
bottom line approach 
2. develop a nurturing environment for the nascent entrepreneurs interested in 
environmentally sustainable activity 
3. create an industrial symbiotic environment where waste is an input into various industrial 
systems 
The novel contributions of the dissertation are thus: 
 
1. A modified incubator model focused on the circular economy and sustainable 
entrepreneurship  
2. A methodology for managing paucity of data challenges in developing economies 
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3. Empirical data contributing to the understanding of the antecedents to network 
formation for CE, specifically actor’s obstacles and motivations for participation in CE 




The dissertation is divided into five chapters and will use plastic flows in Trinidad and 
Tobago (T&T) as a case study to explore the challenges to implementing CE in an environment 
that is characterized with neither strong government control of the economy nor industry 
champions that promote CE.   The decision to examine this in an island environment is supported 
by the conclusion of the European Commission (EC) conference in 2018 on the challenges faced 
by islands in an era of circular economy.  The outcome of the EC conference led to the 
recommendation for the development of holistic CE plans for islands economies.  T&T is a small 
developing island nation in the Caribbean and like many developing nations, collects limited data 
on material flows within the economy not related to major sources of GDP wealth.   
Figure 1 – Connections between actors, incubators and the background context for CE development, outlining treatment of 
issues in this dissertation.  
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Chapter one is an introduction to the dissertation, providing the context, background, and 
motivations for the dissertation.    
Chapter two presents the model for a modified incubator with the requisite literature to 
support the development of the CE incubator.  It explores the needed entrepreneurial and 
sustainability orientation necessary.  The chapter develops the base model to be used and inputs 
necessary for the CE incubator for the promotion of CE in a local environment. 
Chapter three addresses the information challenges faced by developing economies such 
as T&T and uses plastic flows to illustrate a methodology for material flow analysis.  Finally, the 
chapter presents results and used this information to recommend a course of action for the 
development of improved circularity.  
Chapter four focuses on the challenges faced and motivations for community actors in 
participating in a CE focused incubator network.  The chapter uses the results of face to face 
interviews to start the development of ground theory about the antecedents to the local network 
formation in T&T.   It is noted that information inputs and a lack of trust in government may 
retard the development of CE in developing environments.   
Chapter five provides some conclusions from this study, providing recommendations for 
the development of CE and suggestions for further research.   
With the demands faced by developing countries in respect to both economic 
development and climate change, this research takes a step forward in providing an approach on 
how continued economic growth and diversity does not need to be at odds with environmental 
sustainability.  The significance of the research is discussed in more detail in each chapter. 
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The circular economy, which reimagines waste as an economic opportunity, has been largely 
overlooked by traditional entrepreneurs. One explanation for this oversight is that limited 
information flow and cognitive bias constrain recognition of entrepreneurial opportunities and 
development of ventures. Expanding the role of the incubator can address barriers to circular 
economy entrepreneurship. Our proposed model of CE-focused business incubators relies on 
multiple stakeholders to provide information critical to ideation. These stakeholders include 
firms seeking economical ways to manage waste, firms that might use waste as value-added 
input, government agencies and circular economy analysts that can provide potentially beneficial 
information flows, e.g. via Material Flows Analysis. Entrepreneurs are recruited to develop 
circular economy ventures. As circular economy brings economic and environmental benefits, 
the government is called on to support initial financing, but the final start-ups stand on their own 
as enterprises worthy of venture capital funding. The collaborative environment promotes 
profitable CE behavior, benefiting participating actors.  In the development of the model, two 
challenges, in particular, are identified; access to relevant information, and the development of a 
supportive network.  I conclude that CE-focused incubators will benefit local economies as well 




Industrial symbiosis (IS) can be described as “traditionally separate entities in a collective 
approach to competitive advantage involving physical exchange of materials, energy, water, and 
by-products.” (Chertow, 2000, p. 314; Chertow & Park, 2016).  The IS network is characterized 
by a minimum 3-2 heuristic as described in (Chertow, 2007; Chertow & Park, 2016) where three 
different organizations are involved in an exchange of at minimum two separate resources, but 
does not include recycling.   
Eco-industrial systems seek to improve environmental and economic performance via 
collaborative efforts (Côté & Cohen-Rosenthal, 1998; Mathews & Tan, 2011).  The eco-
industrial systems can include eco-industrial parks (EIP), which are the manifestation of the IS 
concept (Chertow, 2000; Chertow & Park, 2016), and the synergies developed can improve the 
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environmental and economic performance of resident firms (Côté & Hall, 1995; Gibbs & Deutz, 
2007; Lowe, 1997; Mathews & Tan, 2011). EIPs require infrastructural planning with respect to 
waste and emission flows (Tudor, Adam, & Bates, 2006), and as such can become expensive in 
their development.  The mixed success for planned EIPs (Chertow, 2007; Gibbs & Deutz, 2005; 
Mirata, 2004), has led to a call for additional business approaches (Siskos & Van Wassenhove, 
2017).  The use of an incubator model to promote IS activity has been suggested (Ashton et al., 
2015) and further discussed at a facility scale level (Mulrow et al., 2017).  The incubator has 
been used to identify new industries for waste materials and energy in Sweden (Aid et al., 2017), 
to develop start-up opportunities that support EIP actors (Bellantuono et al., 2017), strengthening 
EIPs and in the process CE (Wen & Meng, 2015), this indicates that incubators, in particular, 
specialized incubators can be used to strengthen eco-industrial systems. Their presence can 
improve access to information and support for the development of IS and CE. 
IS networks and benefits underlie the development of circular economy (CE) (Andersen, 
2007; Lewandowski, 2016; Martín Gómez, Aguayo González, & Marcos Bárcena, 2018), an 
economic system that promotes the replacement of end-of-life concepts using a cascading 
priority for the use of system waste, promoting sustainable development from the level of the 
product and its design to national economies (Kirchherr et al., 2017).  Murray et al., (2017) note 
that the lack of alternative business models limits the transition to CE which is emerging as an 
opportunity for improved environmental sustainability. In response to the call from Murray et al. 
(2017) for business models that promote a transition to CE, I propose that there is need for the 
expanded role of the traditional incubator as a vehicle for the development of CE and sustainable 
entrepreneurial activity. 
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The traditional incubator focuses on the selection of ideas and entrepreneurs (Bergek & 
Norrman, 2008), which does not address challenges associated with the CE and associated 
opportunities.  The proposed CE incubator includes the participation of system actors in an 
expanded role for the collection and dissemination CE related information and the development 
of business opportunities related to sustainable entrepreneurship.  By including these additional 
knowledge-based resources, entrepreneurs can improve performance as described by (Alvarez & 
Busenitz, 2001; Wiklund & Shepherd, 2003; Zhu, Liu, & Chen, 2018).  These expanded 
informational inputs (those developed by the CE incubator) are expected to positively impact 
venture idea generation and opportunity development related to environmental performance.  I 
thus hope to contribute both to the knowledge-based view around opportunity and its related 
entrepreneurial concepts, and to our understanding of how CE entrepreneurship works and can 
be encouraged.  This is an attempt to bring additional firms into the CE mechanism by using 




Recognizing opportunities and developing ventures are essential to entrepreneurship 
(Kazanjian et al., 2002; Leonard-Barton, 1995; Vogel, 2017).  The knowledge-based view 
suggests that novel information may be the ultimate competitive advantage (Albort-Morant, 
Leal-Millán, Cepeda-Carrion, & Henseler, 2018; Grant, 1996; Kazanjian et al., 2002).  
Differences in information (Mainela, Puhakka, & Servais, 2014; McMullen & Shepherd, 2006), 
the bounds of entrepreneurs’ information focus, and their attitude about that information are 
critical to the choices entrepreneurs make (Covin et al., 2006; Hull et al., 2019; Jin et al., 2017).  
Page | 17  
 
Further theoretical work on venture idea generation and venture opportunity development and 
exploitation have been called for (Vogel, 2017).   
Entrepreneurial opportunities arise from market failures, and environmental degradation 
can be considered such a market failure (Cohen & Winn, 2007).  Lack of information 
(information asymmetry) creates a market imperfection and the resulting opportunities (Dean & 
McMullen, 2007).  Sustainable entrepreneurial activity can address this information gap, 
providing that the needed information is available to nascent entrepreneurs (Jin et al., 2017; 
Schaltegger & Wagner, 2011).  The opportunity of CE approaches, such as reuse, 
remanufacturing, or recycling, have been under-explored by traditional entrepreneurs 
(McKinsey, 2012), as a socially responsible activity, CE may be seen as a distraction or as in 
conflict with creating economic wealth. But, if approached strategically, social responsibility 
such as CE increases financial performance (Tang et al., 2012). Entrepreneurs, like other leaders, 
create a bounded rationality that focuses their attention on some information sources and types 
(Jin et al., 2017; Simon, 1997), and so miss opportunities embedded in information outside of 
their focus.  Strategic choice (Child, 1972) is based on the concept that decision makers make 
choices rooted in an evaluation of the existing position of the organization (Tatoglu et al., 2019) 
influenced by the expectation and relationship with key stakeholders and as such choose the best 
strategy.  It would follow then, that if stakeholders have little expectation of sustainable behavior 
on the part of the firm, it would not be included in the choices made, in turn resulting in CE 
opportunities being particularly likely to be overlooked.   
Economic development (and by extension entrepreneurial activity) in the industrial era is 
normally linear (Ellen MacArthur Foundation, 2013; MacArthur, 2015; McKinsey, 2012), with 
resources identified, extracted, used, and – rather than waste emerging as a resource with 
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inherent value (Perey, Benn, Agarwal, & Edwards, 2018) – discarded.  But sustainability is 
increasingly providing entrepreneurial opportunities to those capable of finding and recognizing 
them (Boons et al., 2013; Perey et al., 2018).   To ensure long-term sustainability, economic 
growth needs to be decoupled from increasing resource consumption and its environmental 
impacts (Schandl et al., 2016).  This emerging need is an entrepreneurial opportunity.  
Entrepreneurs can use CE to disrupt linear economies and linear-economy incumbents. 
Unlike other approaches for decoupling economic growth and environmental impacts, CE 
addresses industrial as well as economic, resource, and environmental concerns (D'Amato et al., 
2017).  CE can provide macroeconomic benefits (MacArthur et al., 2015) and helps to build 
resilient infrastructure, promote sustainable industrialization, foster innovation, and create new 
jobs (MacArthur et al., 2015; Morgan & Mitchell, 2015).  CE opportunities can reduce a nation’s 
dependency on foreign economies by generating revenue and products from unused and 
unwanted waste (Mulrow et al., 2017), and can potentially reverse that dependency by exporting 
these products, using waste as a strategic resource (Perey et al., 2018).  Thus, entrepreneurs that 
take advantage of CE opportunities can reduce expenses and strengthen their economic 
performance. 
Entrepreneurs may fail to recognize and pursue valuable opportunities because they are 
missing relevant knowledge (Jin et al., 2017; Simon, 1997).  I examine how the business 
incubator, as a channel of information, can focus entrepreneurial attention on specific CE 
opportunities brought to light by sustainability analyses such as material flow analysis (MFA).  
Building on the idea that organizations can seek profits alongside environmentally friendly 
activities (Hart, 1995), our focused-incubator model promotes using circular-economy-based, 
non-traditional sources of information to increase startup successes and local entrepreneurial 
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activity.  Municipal and industrial waste represent an opportunity to build industrial symbiotic 
networks and improve economic and environmental performance (Geng, Tsuyoshi, & Chen, 
2010; Saavedra et al., 2018; Van Berkel, Fujita, Hashimoto, & Geng, 2009).  I explain how 
support from government and other stakeholders for a circular economy, in part through the 
support of circular-economy incubators, fosters economic development, economic independence, 
and entrepreneurial success.  I also discuss the implications of CE on the role of the incubator in 
the current opportunity recognition literature.   
Considering the shortcomings of the traditional incubator with respect to information 
asymmetry and the strong focus on the selection of entrepreneurs and ideas, the CE-promoting 
incubator that I propose creates a collaborative environment promoting knowledge transfer, 
positive financial performance, and sustainable environmental behavior as is seen in naturally 
evolved industrial symbiosis networks (Chertow, 2007; Chertow & Park, 2016; Lombardi & 
Laybourn, 2012; Mirata & Emtairah, 2005; Mortensen & Kørnøv, 2019).  I begin with a review 
of the concept of CE, barriers facing its establishment, and Materials Flow Analysis as a method 
to support CE. I review prior work on CE incubators, noting a need for explicit proposals for 
how the incubator process should be modified to promote CE.  After reviewing how the 
traditional incubator model is problematic for promoting CE, I propose a model for a CE 
incubator: stakeholders, their roles and interactions, and the flow of information and capital from 
ideation to startup.  The question of stakeholder motivation is critical and is treated in the next 
section. I conclude by discussing the challenges and benefits of using a focused CE incubator 
designed to promote circular economy and environmentally sustainable entrepreneurship.   
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Circular economic activity uses renewable resources and limits the use of virgin 
materials, resulting in savings to the local economy and firms, and reduced environmental 
impacts (Andersen, 2007; Ellen MacArthur Foundation, 2013; Haupt, Vadenbo, & Hellweg, 
2017).  Circular economic entrepreneurial activity can improve economic development in an 
environmentally sustainable manner by developing CE’s "closed loop" (Mulrow et al., 2017).  
Closing the loop in product and materials systems provides financial savings, resource resilience, 
additional income streams, and innovative new products (Ellen MacArthur Foundation, 2013; 
Mulrow et al., 2017). 
Governments can see more entrepreneurial activity, increased employment, improved 
environmental conditions, less waste sent to landfills, improved economic sustainability, and 
reduced raw material requirements (Giudici, Guerini, & Rossi-Lamastra, 2017). With legislative 
and policy support, industrial circular economics can help entrepreneurs and the environment by 
reducing resource use and the release of carbon dioxide. 
CE, with its roots in industrial ecology (Andersen, 2007), specifically industrial 
symbiosis, provides opportunities to profitably disrupt unsustainable environmental exploitation 
(Chertow, 2007; Chertow & Park, 2016; Ellen MacArthur Foundation, 2013; Ghisellini et al., 
2016). Similarly, focused incubators can thus help entrepreneurs find and recognize CE 
opportunities and develop profitable ventures to exploit them by: 
- finding and helping develop areas of industrial coordination,  
- creating projects that increase existing areas of cooperation,  
- providing short-term incentives (e.g., admission to the incubator) to identify, evaluate, 
create and grow new interactions. 
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Entrepreneurs willing to be environmental if it’s profitable can benefit from being 
networked in a CE industrial ecosystem, through an incubator or otherwise. CE reduces the use 
of finite natural resources, diverting waste from landfills and the environment and capturing the 
inherent value of waste streams (Siskos & Van Wassenhove, 2017).  CE can mitigate global 
price instability, encourage innovation, increase employment, and add resilience to the local 
economy (Ellen MacArthur Foundation, 2013; Gower & Schroder, 2016).   
Barriers to Circular Economy 
 
If CE entrepreneurship is to develop profitable, environmentally sustainable activity, the 
financial, economic, and knowledge-based barriers to CE need to be addressed.  Barriers to 
ecofriendly behaviors are rooted in individual beliefs, attitudes, and cultural and social norms 
(Hoffman, 2010; Jin et al., 2017; Simon, 1997).  Environmental knowledge and action are not 
necessarily linked (Carmi, Arnon, & Orion, 2015; Kollmuss & Agyeman, 2002; Longo, Shankar, 
& Nuttall, 2019), and “scientific fact” must become “social fact” before the challenges of climate 
change can be addressed (Carmi et al., 2015; Longo et al., 2019).  Scientific and technological 
knowledge and environmental awareness of government and the community encourage eco-
friendly startups (Giudici et al., 2017).  The absence of these attributes is a barrier to their 
development.  Another possible barrier is the failure of scientific knowledge to achieve social 
acceptance and awareness.  The exchange of knowledge among the scientific community, the 
government, and the community at large is important but may not be a priority for any of them.  
The lack of this exchange creates information asymmetry and can constitute a market failure, 
creating an entrepreneurial opportunity that can be filled by the sustainable entrepreneur (Dean 
& McMullen, 2007).  Stepping in to recognize opportunities and develop ventures to exploit 
them (by, for example, marketing the practical implications of the scientific knowledge in the 
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form of products) is the natural role of the entrepreneur (Vogel, 2017).  Supporting these 
entrepreneurs is the natural role of the incubator. 
 
Opportunity recognition and connecting dots 
 
I focus on the role of an expanded incubator on fostering both opportunity recognition 
and venture formation which is a basic tenant for the development of sustainability-focused 
entrepreneurs (Belz & Binder, 2015).  Opportunity-recognition research has indicated, consistent 
with the knowledge-based view, that information is imperative (Eckhardt et al., 2018; Ozgen & 
Baron, 2007; Patzelt & Shepherd, 2011).  Accessing this information requires that entrepreneurs 
are ‘plugged’ into the correct network, which provides them with a diversity of information 
making them aware of a choice beyond their general experience.  As such, access to new MFA 
information would be crucial.  But entrepreneurial opportunities must be recognized, and 
appropriate high-growth ventures developed, for benefits to accrue.  
 Entrepreneurial orientation (EO), the extent to which individuals and organizations 
display a strategic orientation for entrepreneurial decision styles, methods and practices 
(Lumpkin & Dess, 1996), has been linked to the propensity to recognize opportunities and 
achieve growth, and both EO and access to information resources are linked to innovation 
(Covin et al., 2006; Covin & Slevin, 1989; Hull et al., 2019; Ismail et al., 2015; Lumpkin & 
Dess, 1996; Miller, 1983); representing an alternative way of thinking, indicating flexibility and 
proactiveness that can lead to the development of sustainability amongst new ventures (Jansson, 
Nilsson, Modig, & Hed Vall, 2015), with environmental sustainability becoming a driver of 
innovation (Nidumolu, Prahalad, & Rangaswami, 2009).  The use of MFA as a source of 
information for entrepreneurs would thus, presumably, work best among entrepreneurs high on 
EO.   
Page | 23  
 
Networks can provide knowledge (Boons, Chertow, Park, Spekkink, & Shi, 2017; 
Chertow, 2007; Mortensen & Kørnøv, 2019) and can also increase opportunity recognition 
(Amankwah-Amoah et al., 2018; Arenius & Clercq, 2005).  West Coast Rubber Recycling 
(http://www.groundrubber.com/) (WCRR, 2019), for example, started by trucking used tires to 
the dump, then realized through its network that the market for recycled tires was more lucrative 
and better for the environment.   
Within the immersive environment of these networks, characteristics of the entrepreneurs 
– such as their degree of entrepreneurial orientation (EO) – admitted to the incubator (Bank et 
al., 2017) will impact their ability to recognize opportunities, develop appropriate ideas, and 
marshal the necessary resources, including networks, to make their idea a success.  EO is a group 
of entrepreneurial attitudes and behaviors, such as innovativeness, risk-taking, and being 
proactive (Covin et al., 2006; Covin & Slevin, 1989; Ismail et al., 2015; Lumpkin & Dess, 1996; 
Wiklund & Shepherd, 2003), that have a positive impact on firm growth (Covin et al., 2006).  
EO enhances the ability to recognize and pursue opportunity, and thus the role that information 
plays in spurring innovation.  Recruiting and connecting highly entrepreneurially-oriented 
entrepreneurs with new, relevant information, such as that from an MFA, can thus play a pivotal 
role in their ability to innovate (Bank et al., 2017).   
Nascent entrepreneur access to a diverse range of information can have a positive impact 
on performance (Hull et al., 2019) and, if relevant to the environment, sustainable development 
(Patzelt & Shepherd, 2011).  Accessing detailed MFA results can be an important part of 
opportunity search and recognition – long linked to successful entrepreneurial activity (Ozgen & 
Baron, 2007) – as society grows more concerned with the environment (Baron & Ensley, 2006; 
Longo et al., 2019; Vaghely & Julien, 2010).  Thinking of things in a different way (e.g., MFA) 
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to make sense of unrelated events and information helps entrepreneurs invent products and 
services (Baron, 2006; Baron & Ensley, 2006).   
The combination of EO, with a strong sense of environmental sustainability orientation 
(ESO), can improve performance and enhance the robustness of a business (Amankwah-Amoah 
et al., 2018) in a developing economy.  Innovativeness and information diversity have a positive 
impact on the creations of startups with a global perspective and reduced the likelihood that these 
‘born globals’ would quit (Hull et al., 2019).  It seems reasonable that information diversity will 
have a similar positive impact on sustainable behavior and success.  The propensity to seek out 
information can be viewed as part of entrepreneurial orientation (EO), which has been positively 
linked to growth (Ismail et al., 2015).   
Concerns that the industrial and economic complex put the prosperity of future generations at 
risk offer opportunities to profitably integrate environmental, social, and economic systems 
(Geissdoerfer et al., 2017).  The use of a CE-focused incubator that includes system actors with 
modified roles designed to enable sustainable entrepreneurship would be important and possibly 
indispensable to the process of helping entrepreneurs recognize and exploit these opportunities, 
promoting localized industrial symbiosis.  Using the results from the MFA and other 
environmental indicators, an incubator focused on translating and supporting businesses within a 
sustainability framework can connect nascent entrepreneurs interested in environmental 
sustainability with potential industrial symbiotic relationships and create a series of circular 
behaviors that have a positive impact on the environment while allowing for the financial 
viability of the startup.   
I next explore the role incubators can play in helping create a local circular economy. 
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Focused Incubators in the development of CE 
 
The CE incubator is designed to address challenges with information asymmetry, 
specifically building on the concept of industrial symbiosis.  By expanding the role of actors, and 
promoting information exchange the CE systems seek to keep materials in use as long as 
possible through industrial networks that promote resource sharing and reuse (Chertow, 2007; 
Martín Gómez et al., 2018; Valenzuela-Venegas et al., 2018).  This sort of network relies on 
collaboration and synergy derived from geographic proximity (Siskos & Van Wassenhove, 
2017).  It can occur without intervention, evolving from the desire to improve profitability, 
resource efficiencies, innovation, learning, and resilience via communication and trust (Ashton, 
2008; Chertow, Ashton, & Espinosa, 2008; Eckelman et al., 2014; Mulrow et al., 2017).  Planned 
EIPs can be found the world over (Chertow, 2007; Massard, Jacquat, & Zürcher, 2014) designed 
to replicate the success of naturally evolved industrial symbiosis systems like Kalundborg 
(Lehtoranta, Nissinen, Mattila, & Melanen, 2011), where a natural system evolved (bottom-up) 
to share resources including waste streams; as response to drivers (McDowall et al., 2017).   The 
use of EIPs has allowed the integration of IS into CE facilitating the necessary by-product 
(waste) exchanges (Gregson et al., 2015).  Planned EIPs in China has been used to promote the 
development of CE and experimentation with policy for the development of CE (McDowall et 
al., 2017).  The use of a focused incubator would certainly assist in the identification of 
synergistic opportunities  (Aid et al., 2017; Bellantuono et al., 2017; ElMassah, 2018) enhancing 
the performance of the EIP. 
In response to barriers – financial, economic, and knowledge-related – to the 
development of CE, the development of a synergistic management services company (SMSCO) 
has been suggested (Siskos & Van Wassenhove, 2017) as a component of the EIP, in an effort to 
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improve its success.  The SMSCO shifts the financial burden from participating CE firms to an 
interested third party (Siskos & Van Wassenhove, 2017), however, an appropriately focused 
incubator could fill this role, directing entrepreneurial attention toward specific, previously 
unrecognized opportunities (Bellantuono et al., 2017).  The incubator could foster symbiotic 
interfirm relationships, promoting material and knowledge exchange within a single CE facility 
between larger polluting and smaller innovative CE firms (Mulrow et al., 2017).  Providing that 
trusted third-party service, the incubator would help collaborating firms overcome financial and 
economic challenges that would require more investment than they could afford (Diestre & 
Rajagopalan, 2012; Oxley & Wada, 2009; Siskos & Van Wassenhove, 2017).  
As CE relationships become established, a CE incubator may come to include the 
exchange of materials, energy, water, and by-products discussed in IS (Chertow, 2000; Chertow 
& Park, 2016), and involve collaboration among multiple firms to improve profitability for all 
(Chertow, 2007). Industrial environmental ecosystems give more benefits to the public than do 
standard industrial networks (Ehrenfeld, 2003), but may require external assistance (Chertow, 
2007).  The proposed CE incubator can help with the search and coordination costs related to the 
operation of the IS system (Aid et al., 2017; Ehrenfeld & Chertow, 2002).   
Planned and self-organizing EIPs seek to pool  resources (including knowledge 
resources), resource-sharing business support services, increased legitimacy, extension of 
networks, co-location and clustering of businesses (Armanios, Eesley, Li, & Eisenhardt, 2017; 
Li, Pan, Kim, Linn, & Chiang, 2015; Mirata, 2004).  The recent use of incubators as part of the 
EIP structure (Aid et al., 2017; Bellantuono et al., 2017; ElMassah, 2018) seems to indicate a 
realization that incubators can be used to enhance EIP performance; especially considering the 
similarities in developmental goals, as incubators focus attention on opportunities, the 
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development of skills and other resources necessary to pursue those opportunities successfully.  
As such a question arises – can the incubator replace the EIP? – which requires further empirical 
study.    
A CE incubator may provide an opportunity to pursue projects at a smaller scale; ‘market 
testing’ concepts and ideas without the infrastructural needs and costs often associated with a 
planned EIP.   By selecting similar, high-potential entrepreneurs with high-growth ideas, the CE 
incubator promotes its success via shared knowledge and an extended network with connections 
to experience, resources, and markets needed for early growth (Bank et al., 2017).   
The success of the focused incubation process depends on a critical mass of relevant 
(sustainability-focused) tenants, a well-developed incubation model, access to patient capital – 
long-term investments – access to the necessary and relevant expertise and networks (Bank et al., 
2017; Siskos & Van Wassenhove, 2017), and the capacity to serve as a knowledge resource.  As 
collaborative efforts between established firms and small entrepreneurial start-ups becomes more 
embedded in the CE incubator, the networked web - a key success factor for IS (Chertow & 
Ehrenfeld, 2012; Chertow, 2007; Tudor et al., 2006) can evolve and support a planned EIP with 
the needed infrastructure in place and a market validation to support the investment. 
 
Material flow analysis  
 
Material flow analysis (MFA) provides information on material and substance flows 
associated with products and activities within a system and tracks the flow of those materials, 
identifying quantities, and accumulations (Haupt et al., 2017).  CE is predicated upon 
understanding material flows, so a current MFA can be a source of valuable and rare new 
knowledge for entrepreneurs, a potent source of competitive advantage (Barney, 2018; Grant, 
1996; Kazanjian et al., 2002; Mainela et al., 2014; McMullen & Shepherd, 2006) which CE-
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focused incubators can create for their tenants regularly.  As well as being an enabler of 
opportunity recognition, MFA can offer improved efficiency, competitive advantage, and 
stakeholder engagement (Amankwah-Amoah et al., 2018).   The opportunity for ‘green’ 
entrepreneurial potential can help develop a "closed loop" economic system for various products 
and materials exploitable by SMEs and nascent entrepreneurs. 
MFA is a material accounting procedure that can be used at the firm, city, regional, or 
national level to track the flow of materials (Bringezu & Moriguchi, 2018; Brunner, 2001).  
Governments can use it to design environmental policy, resource allocation, and urban systems. 
MFA provides the same benefits to firms, yielding competitive advantages such as reduced 
material costs and product differentiation in markets with increasing environmental awareness.  
Since industrial wastes can have value, using MFA to identify waste reservoirs can identify 
revenue streams.  MFA’s ability to track the impacts of industrial activity makes it particularly 
useful to CE incubators focused on encouraging new businesses that can profitably disrupt the 
incumbent linear consumption pattern of ‘take-make-dispose’ (Ellen MacArthur Foundation, 
2013). This model for a focused incubator thus depends on the availability of a detailed, current 
MFA and on the incubator functioning as a mechanism for (information and waste) resource 
sharing (Chertow, 2007).   
Access to information and knowledge resources relevant to opportunity and venture 
development is important to nascent entrepreneurs (c.f., (Vogel, 2017).  Tools such as material 
flow analysis (MFA) can provide such access that is particularly useful in breaking out of the 
selective perception that limits opportunity recognition (Simon, 1997).  MFA provides 
information on material and substance flows associated with products and activities within a 
system and tracks the flow of those materials, identifying quantities, and accumulations (Haupt 
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et al., 2017).  Previously unidentified flows and accumulations are opportunities for 
entrepreneurs (Hull et al., 2019; Jin et al., 2017; Vogel, 2017).  Linking firms in this way so that 
waste can be exchanged and used by other firms as production inputs creates synergies, easily 
recognized and exploited by members of the network (Chertow & Park, 2016; Chertow, 2007; 
Ehrenfeld & Chertow, 2002).  Mulrow et al., 2017 provide a structure for the development of 
third-party support to bring industrial symbiosis to a facility scale level; use of an anchor firm, 
the presence of a project organizer, or finally, the development of a business incubator. I provide 
a conceptual framework for what that business incubator can look like and a specific approach 
for implementing such an incubator. 
The need for an expanded incubator    
 
Figure 2 shows the general process for traditional incubators. I argue that this framework 
fails to identify profitable CE ventures, due to information asymmetry, information that can be 
provided by additional tools such as an MFA, providing sustainably focused entrepreneurs with 
opportunities and competitive advantages (Barney, 2018; Jin et al., 2017).  The traditional 
incubator has the driving philosophy of identifying business gaps and creating startups to fill 
these gaps (Aernoudt, 2004; Bergek & Norrman, 2008), however, the CE incubator focuses on 
identifying otherwise hidden opportunities; finding profitable ventures that, because they are 
circular in nature, also deliver environmental and social benefits. I provide a conceptual 
framework for what the CE business incubator can look like; incorporating a focus on the 
diversity of information in the form of environmental data and greater engagement in triple 
bottom line concerns as discussed in the convergence process model described in Belz & Binder 
(2015).     
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Circular Economy Incubator  
 
The CE-focused incubator expands the role of the traditional incubator and seeks to 
develop an IS system at a smaller scale in comparison to the usual EIPs.  The CE incubator calls 
for innovation in waste management, promoting eco-friendly practices and financial success by 
matching larger waste generators with entrepreneurs and small start-up firms.  Our model is built 
upon the concept that innovation and information have a positive impact on the development of 
successful startups (Covin et al., 2006; Covin & Slevin, 1989; Simon, 1997; Vogel, 2017).  The 
model seeks to replicate the networks of IS as seen in industrial areas like  Kalundborg, Denmark 
which are successful due to the collaborative and information diversity present within the 
networks among other factors (Chertow, 2007; Mirata, 2004).  Furthermore, investment in a 
focused incubator of this type may provide benefits beyond the identification of potential 
entrepreneurial opportunity – including greater advocacy for environmental legislation, transfer 
of knowledge and technology, closure of material loops, collaborations amongst tenants as well 
as external firms – improving the development of environmentally sustainable entrepreneurial 
activity.    
Figure 2 – Summary of actors and roles for the traditional business incubator process, by phase 
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As a repository for environmental information and data, the CE incubator can give 
entrepreneurs access to more diverse information providing them with the ability to recognize 
eco-friendly opportunities and make strategic choices that will allow them the ability to 
capitalize on those opportunities in the future (Tatoglu et al., 2019)   
CE incubator management and tenants will need to build collaborative network focused 
on building an ecosystem that develops and supports sustainable entrepreneurship to ensure that 
the incubator is seen as a trusted third party (Siskos & Van Wassenhove, 2017), and facilitating 
the necessary communication and information exchange (Ashton, 2008; Chertow, 2007; Harris, 
van Berkel, & Kurup, 2008).  A CE-focused incubator located near universities can support and 
promote research to assist in the creation of solutions to industrial and other waste problems as 
the academic community can encourage the flow of new startups from various fields of study as 
seen in the Green Garage incubator (Bank et al., 2017).  The successful CE-focused incubator 
helps transfer and disseminate technology through its network (Rubin, Aas, & Stead, 2015) and 
recruits appropriate entrepreneurs and collaborators (Bank et al., 2017).   
A sustainable focused incubator ought to include a well-structured process including 
ideation during pre-incubation (not usually part of the traditional incubator model), a well-
networked collaboration environment with access to relevant experts, and patient capital for 
longer-term projects (Bank et al., 2017).  The incubation process can be divided into four phases 
(Figures 2 and 3).  Figure 3 shows the expanded role of the proposed CE-focused incubator, 
based on the convergent process model of sustainable entrepreneurship discussed by Belz and 
Binder, (2015). 
The convergent process for sustainable entrepreneurship (Belz & Binder, 2015) suggests 
that there is no one approach to developing a triple bottom line (the consideration of economic, 
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social, and environmental concerns).  The convergent process takes on multiple phases where 
social or ecological challenges are recognized, and the potential opportunity is articulated.  In 
this model, a sustainability entrepreneur would move from a double bottom line to a triple 
bottom line solution prior to seeking funding and entering a sustainability-focused market as a 
sustainable enterprise.  The phases can be incorporated into the incubator model (Figure 3), 
creating a CE focused incubator which can share waste challenge data with nascent 
entrepreneurs, initiating both ecology problem identification and opportunity recognition (Belz 
& Binder, 2015).   
The pre-incubation phase focuses on generating and developing ideas, with various actors 
contributing diverse information within a strong framework of stakeholder engagement to 
amplify ESO strengthening performance (Amankwah-Amoah et al., 2018).  For example, the 
local government actor may provide material flow data that can be mined to find flows and 
accumulations of useable “waste”, and an NGOs providing information on local environmental 
challenges.  Local businesses can share their waste management challenges and raw material 
Figure 3 - Circular Economy-focused business incubator process:  Strong focus on entrepreneurial activities and ideas involving 
waste from municipal and industrial sources.  Incorporating Convergent Process Model (Belz & Binder, 2015) MFA = material 
flows analysis. CE = circular economy. IPO = initial public offering. 
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needs, while they and local trade associations lend their market expertise so that idea 
development is market focused.  
Financial motivations can be a major driver in startup creation and should not be 
discounted; financial gain is a large motivator for businesses’ participation in IS (Ashton & Bain, 
2012).  However, the focus of the incubator is on entrepreneurs who see sustainable practice as 
equally important. Because of the smaller talent pool focused incubators must draw from, there is 
a challenge of having sufficient tenants (Bank et al., 2017; Bank & Kanda, 2016).  The CE 
incubator should thus participate and develop talent in the pre-incubation phase, where 
recognition of the environmental challenge and opportunity occur (Belz & Binder, 2015).   
By collaborating with universities and environmental groups, the CE incubator can ‘feed’ 
potential entrepreneurs into the incubation phase by providing environmental information and 
data not ordinarily available, as well as sponsoring and participating in entrepreneurial and 
networking events.  
With the recruitment and immersion of nascent entrepreneurs in an atmosphere focused 
on solving local environmental problems in both a profitable, sustainable way, the CE incubator 
can help them generate profitable creative double and/or triple bottom line solutions to waste 
challenges. 
The importance of EO to the performance of a business venture is critical (Lumpkin & 
Dess, 1996) and as such, selecting driven, energetic high-EO entrepreneurs (and incubator 
managers) is a crucial activity for the CE-focused incubator.  Therefore, because selection is 
such an integral part of the success of any incubator (Aerts, Matthyssens, & Vandenbempt, 2007; 
Hausberg & Korreck, 2018), a selection committee possibly including members of industry, 
incubator management, government, and academic experts is recommended.  This committee is 
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tasked with the search for high performing EO entrepreneurs as EO is linked to entrepreneurial 
success (Covin & Slevin, 1991; Lomberg et al., 2017; Lumpkin & Dess, 1996; Moreno & 
Casillas, 2008).  
The committee must, therefore, gauge the validity of ideas, explore the candidates’ 
entrepreneurial orientation, select individuals or teams with growth and development potential. 
Selected entrepreneurs will implement plans in the incubation phase, where with the assistance 
of incubator, entrepreneurs seek and attract needed funding, refine the business model and enter 
the market consistent with Belz and Binder, (2015) model.  Once startups can consistently 
achieve revenue and sustainability targets, they can graduate from the incubator. 
 
Stakeholder considerations in the proposed CE-focused incubator model 
  
Environmental compliance (regulation) need not be a cost center, and in fact may have 
positive impacts on innovation and competitiveness as discussed by (Boons et al., 2013; Perey et 
al., 2018).  Our CE-focused incubator model with its knowledge resources adds value to material 
flow analysis data by identifying potential uses for waste amongst potential tenants of the CE 
incubator.  Within the CE incubator network, participating firms may find alternatives to waste 
disposal and instead find sources of revenue generated by their waste (in support of IS), while 
accessing solutions to waste their management needs and reputational rewards for 
environmentally positive behavior.  
By supporting nascent entrepreneurs through the startup process and networking them, 
CE incubators can lead to an improved financial performance from opportunities that would have 
been previously disregarded because of the way waste is traditionally viewed.  This benefit can 
extend beyond the entrepreneurs themselves, for example, the reimagination of waste is seen in 
Canada’s Plastic Bank’s business model (Plasticbank, 2018) of fighting poverty by providing 
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individuals an alternative source of income through collecting plastic that would otherwise end 
up in the ocean.  
 
Stakeholders – Like others, CE organizations depend on their environments for their 
development, growth, and profitability (Dess & Beard, 1984). The creation of eco-friendly 
startups in a specific local economy is impacted by access and attention to scientific and 
technology knowledge in the local environment as well as environmental awareness among local 
government and communities (Giudici et al., 2017).  Access to technologically advanced 
networks that include firms and universities supporting research matters (Bank et al., 2017; 
Wagner & Sternberg, 2004), as does ongoing involvement and support from local government.  
Consistent with stakeholder theory (Freeman, 2010; Freeman & Reed, 1983; Jawahar & 
McLaughlin, 2001), I look at each stakeholder that is important to the success of the CE-focused 
incubator and briefly discuss their motivations and potential goals for the CE-focused incubator.  
Tackling challenges of sustainability is rooted in complex interactions between actors including 
businesses, consumers, NGOs and government agencies requiring collaboration (Wittneben, 
Okereke, Banerjee, & Levy, 2012) and as such, their motivation for participation should be 
considered.  Table 1, at the end of this section, summarizes these stakeholder motivations. 
Non-governmental organizations (NGOs) - NGOs identify problems within the 
environment and take on a governance role, advocating on behalf of communities and the 
environment (Hodgson, Redpath, Fischer, & Young, 2019; Jasanoff, 1997).  The CE incubator 
and its entrepreneurs can consider these identified problems of interest to the public, as 
opportunities.  Stakeholder theory (Donaldson & Preston, 1995; Freeman, 2010; Freeman & 
Reed, 1983; Jawahar & McLaughlin, 2001; Jones, Harrison, & Felps, 2018) indicates that good 
relationships with NGOs (and other stakeholders) can increase firm performance (Harangozó & 
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Zilahy, 2015; Jones et al., 2018).  Businesses should not disregard the role NGOs play and 
should bear in mind that it is possible for both business and NGO to benefit from their mutual 
engagement (Harangozó & Zilahy, 2015).  In developing the CE focused incubator, not only can 
involving NGOs increase the legitimacy of the CE incubator, help clients recognize 
opportunities, and reduce the likelihood of disruptive behavior (Luxmore & Hull, 2011), but the 
NGO can be trusted to make sure that the CE incubator does not drift off task.   
Government – For the CE incubator, the government can provide access to physical 
infrastructures such as lands and buildings, etc. as well as assistance (in respect to data) to the 
CE incubator directly or academic researchers developing an MFA.  Supportive government can 
also promote the legal and policy framework for the development of the circular economy 
(McDowall et al., 2017), and in this way impact the establishment of a CE ecosystem.   In this 
way appropriate legislative incentives  (Mulrow et al., 2017), a CE incubator can encourage the 
participation of various actors within the community in CE activity – with government 
participation.   
Our proposed role for government is rooted in the belief that environmental resources 
including information are “public goods” (Baumol et al., 1988; Bovenberg & van der Ploeg, 
1994; Vatn, 2018; Whitehead, Haab, Caviglia, & Haab, 2014) making consumers hesitant to pay 
for products and services from which they only receive partial benefits (Giudici et al., 2017).  
The government may be viewed as a partner with respect to the development of CE 
infrastructure as the government is a steward of the environment for the general population 
(Baumol et al., 1988).   
Government environmental awareness is important as it informs the development of a 
supportive eco-friendly environment (Giudici et al., 2017).  Government enacts and implements 
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legislation and policy, such as requirements for waste treatment and recycling, and the 
classification, treatment, and transport of hazardous waste.   While awareness does not 
necessarily guarantee action (Hoffman, 2010), it is a necessary step to the creation of an eco-
supportive culture, and of CE-supportive policy.  A circular economy requires a policy 
framework that finds or creates value for waste.   
Considering the inefficiencies of the take-make-dispose approach of linear consumption, 
China and the European Union have adopted a circular economic approach (McDowall et al., 
2017).  While both regions have the same conceptual understanding of CE, they emphasize 
different outcomes.  China needs to reconcile rapid industrialization and its resulting pollution 
with continued growth, while the EU seeks to establish continued competitiveness and 
innovation alongside environmental goals (McDowall et al., 2017), pursuing an estimated $340 
billion in savings (Anderson, 2007).  They have developed extensive policy frameworks to 
advance the development of circular processes, indicating that, as a concept, CE is flexible 
enough to be adapted to local or regional strategic imperatives. Ideally, policy will encourage CE 
education, information, and awareness; collaboration platforms; business support schemes; 
public procurement and infrastructure; regulatory frameworks; and fiscal frameworks 
(MacArthur, 2015).   
Private Industry and Business - Private industry associations and individual businesses 
are necessary sources of information, particularly about the waste streams resulting from their 
business and industrial activity.  Within the CE incubator, they can also play a role in the transfer 
of knowledge (Rubin et al., 2015), and in the legitimization of knowledge from relevant 
academic research (Hoffman, 2010; Kollmuss & Agyeman, 2002).   
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Universities - The incubator is a collaborative venture that networks universities, firms, 
and government.  The incubator’s ability to support tenants through their extended network is 
related to their access to or capacity to develop technology.  The technological spillover effect is 
positively impacted by technologically focused firms and “technical universities” (Giudici et al., 
2017).  Academic research can have a significant role to play in the development and transfer of 
knowledge that support various business activities (Adams, 2002).  The development of an 
incubator close to a university has a positive impact on the knowledge spillover and transfer to 
the incubator (Rothaermel & Thursby, 2005). 
Universities help nearby firms innovate faster than more distant firms (Breschi & Lissoni, 
2001; Qian, 2018).  Clusters of knowledge create environments of innovative opportunity 
(Breschi & Lissoni, 2001; Qian, 2018).  University research provides firms with access to 
relevant information and expertise that can support their activities, and which may be more 
accessible than similar information developed in industry (Adams, 2002; Liu, Hull, & Hung, 
2017; Phene & Tallman, 2014).  University-linked incubator networks offer startups an 
environment where learning is accelerated, which in turn contributes to startup performance 
(Eveleens, van Rijnsoever, & Niesten, 2017).  However, given evidence that knowledge spillover 
into incubators has an opportunity cost for universities, extra incentives may be needed to 
persuade them to participate (Kolympiris & Klein, 2017).  Participating in a CE-focused 
incubator may be worth it to universities, as doing so gives them the opportunity to: 
- build a more local-centric CE that enriches the local economy, 
- contribute to environmental sustainability,  
- foster student-managed successful startup companies, and  
- develop their networks with local businesses (and prospective employers of their 
students). 
Incubator Management - These managers are responsible for creating a conducive 
collaborative environment with a focus on opportunity recognition, evolving ideas into startups, 
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and entrepreneurial development with a focus on both financial and environmental performance 
(Ebbers, 2014).  The management team is responsible for acquiring the resources and support of 
the outside actors, and the selection and mentoring of talented entrepreneurs needed to create CE 
companies. 
Stakeholder Motivations 
The involvement of stakeholders in the incubation process can yield sustainable 
competitive advantages (Zahra, Wright, & Abdelgawad, 2014), with the common goal of 
development of sustainable entrepreneurship, the CE incubator is able to focus its resources and 
network on this goal.  This focus increases the need for stakeholders beyond the incubator 
management to be involved in both the pre-incubation and incubation process.  Table 1, below, 
summarizes the motives for them to engage in this activity. 
Table 1 - Stakeholder motivations for participation in circular economy incubator 
Actor Motivation to participate in circular economy incubator 
network 
Government Manage waste problems while promoting economic 
development  
Private industry Solve firm waste challenges, investment opportunities 
Academia Opportunities for research and its application 
Engage community and stakeholders  
Apply expertise in technology development 
NGOs Influence the development of environmentally conscious 
business 
Entrepreneur Access to information enabling ideation and start-up 
Receive mentorship and coaching for development and 
growth  
Business support in early-stage development 
 
Discussion and Conclusion 
The chapter proposes for the first time a CE incubator framework, providing a conceptual 
and theoretical approach to its development.  The proposed CE incubator focusses attention in 
the entrepreneurship and incubator community on CE challenges of information asymmetry and 
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opportunity identification.  The development of a CE incubator designed to promote and develop 
sustainable entrepreneurship activity in a local environment raises two primary questions – the 
acquisition of relevant environmental data such as MFA data as discussed and the participation 
of local actors in a supportive CE incubator network.  The success of the proposed incubator 
required an empirical study that can only be obtained through longitudinal observation.   The two 
primary concerns for the viability of the proposed CE incubator as identified - the ability to 
access environmentally relevant data (discussed in Chapter 3) and challenges for participation in 
a CE incubator network by local actors (Chapter 4).    
 The presence of incubators as part of the eco-industrial system improves the access to 
environmental information to potential partner firms, providing an opportunity for network 
expansion, circular behaviors and industrial symbiotic development for participants both on and 
off EIPs (Aid et al., 2017; Bellantuono et al., 2017; ElMassah, 2018).  The CE incubator can be 
useful in the development of industrial symbiosis systems that underly the creation of circular 
economy.  The development of an incubator could be a bridging entity championing the 
development of IS as described by (Chertow & Ehrenfeld, 2012; Chertow & Park, 2016) and 
promoting the development of CE solutions.  While sustainability may not be the initial intent for 
many entrepreneurs, they may be able to contribute to solutions for some current sustainability 
challenges while increasing economic activity and their own profitability.  The incubator, in 
identifying entrepreneurs with higher EO, increases the ability of its tenants to recognize 
opportunity (Covin et al., 2006; Lomberg et al., 2017), and thus the likelihood that opportunities 
in waste data are identified and acted upon (Belz & Binder, 2015).   
Providing nascent entrepreneurs with diverse information (like MFA data and other 
environmental metrics), to which they would not usually have access, can possibly increase 
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circular activity.   Island environment would make excellent locales for a CE incubator that 
draws on MFA, as outlined here.  The comparative isolation of islands provides an excellent test 
bed for the examination of the impacts (Chertow, Fugate, & Ashton, 2013) of the CE incubator 
on environmental performance and sustainability, the development of IS networks, and their 
possible evolution into EIPs.  
CE’s ability to get value from waste makes it potentially beneficial to many economies 
(Ellen MacArthur Foundation, 2013; Geissdoerfer et al., 2017; MacArthur, 2015; McKinsey, 
2012; Wijkman & Skånberg, 2015).  An MFA’s quantification of reservoirs of waste 
accumulation in a local environment, which can be used to support entrepreneurial activity and 
reinvigorate the local economy and warrants further research.  Further, due to the improved 
environmental performance amongst EIPs or sustainable entrepreneurs, the development of the 
CE incubator may spur increased investment in sustainable and CE related businesses.    
Access to finance is important as it can promote innovative business models, 
collaboration, and solutions (Bocken, 2015).  The ability to acquire financing for continued 
growth should be a requirement for graduation from the CE incubator and investment funds will 
need to be sourced either from personal resources or from external sources to assist in the growth 
of sales and marketing of the venture.   
While the CE incubator seeks to improve information asymmetry which can decrease the 
ability of CE related businesses to obtain financing (Marcus, Malen, & Ellis, 2013; Ribeiro-
Soriano & Zeng, 2018), there is a need for improved understanding of financing sustainable 
solutions and as such more research is required (Rizos et al., 2016).  However, in addition to 
information asymmetry, investment may additionally be inhibited by a lack of understanding 
related to financing options, an aversion to relinquishing ownership and control, a poorly 
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designed business model as well as other internal challenges (Mason & Harrison, 2004); the CE 
incubator in its support of entrepreneurs must work with them to overcome these challenges. 
Possibilities for external finance outside of traditional banking products include 
crowdfunding, angel investment, venture capital, and government investment.  In advanced 
economies such as the US, Canada, and European countries, venture capital is one of the most 
recognizable opportunities for entrepreneurial investors and is critical for young start-ups (Deeb, 
2016; Marcus et al., 2013).  For environmentally sustainable focused businesses, the time 
horizon for a return on investment (ROI) may often exceed the usual 10 year period expected by 
investors (Marcus et al., 2013), as such require a modified approach to financing (Aranda-Usón, 
Portillo-Tarragona, Marín-Vinuesa, & Scarpellini, 2019).  However, there is little available 
literature on CE financing products (Aranda-Usón et al., 2019).  The evolution of green venture 
capital has provided an opportunity for investment in startups focused on green markets (cf. 
(Mrkajic, Murtinu, & Scalera, 2019), providing a potential financing opportunity for tenants of 
the CE incubator. 
Access to venture capital and more so green venture capital which does not require a 
short ROI (Siskos & Van Wassenhove, 2017) is needed.  However, this access can be impacted 
by the local capital markets and economic characteristics  (Ribeiro-Soriano & Zeng, 2018).  The 
challenge of access to these tools may be even greater for a developing economy where the 
financial market structure may not include these financing options.  The absence of venture 
capital and angel investor networks in a developing economy demonstrates a need on the part of 
private industry or the government to provide seed and growth capital for an emerging sector 
within the economy.   
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Particularly in a developing environment, additional investment options can include 
investment by local firms which seek innovative solutions to waste challenges associated with 
their business model, as well as government investment in the form of pensions which are a 
source of patient capital (Siskos & Van Wassenhove, 2017).  The option for the use of crowd-
funding as a source of revenue is yet another avenue (Zeng, 2018) but will require additional 
research and consideration.  I hope the proposed model is persuasive enough, first in theory, then 
in practice, to persuade entrepreneurs to make a profit by disrupting the environmentally 
damaging linear economy approach with CE enterprises. 
Further consideration of processes that can be used to transition local economies from 
linear to circular in nature is needed, especially processes that help SMEs and startups participate 
profitably in the transition.  I have identified several stakeholders whose participation will help 
the CE incubator and its startups.  Our focus has been on local economies and local networks.  
Do digital entrepreneurship and other means of collaboration across distances mean that a global 
CE-focused incubator is possible, and if so, how?   
In this chapter, I have demonstrated how, in theory, the expanded role of a focused 
incubator can drive both recognition of previously undiscovered or underexplored opportunities 
and the development of venture ideas that will exploit those opportunities.  I have shown how a 
CE-focused incubator that includes diverse sources of information such as an MFA can become a 
knowledge-based resource to the local community, helping nascent entrepreneurs identify and 
pursue entrepreneurial opportunities to the benefit of those startups, the environment, established 
businesses, the local economy, and more.  Linear economies are facing increasing resource 
constraints and environmental impacts.  Economies must choose to adapt to emerging realities on 
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their own terms or be forced to adapt when there is no longer a choice.  Waste does not have to 
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Chapter 3 - Materials Flow Analysis in Support of Circular Economy 
Development: Plastics in Trinidad and Tobago. 
 
Abstract 
Can material flow analysis (MFA) support strategic decisions necessary for the development of 
circular economy (CE) in a developing country?  Data-poor environments in developing 
economies, e.g. lack of data on physical flows in manufacturing, pose challenges to do MFAs. 
Other data however, in particular trade statistics accounting for shipment mass, are often 
available.  I undertake a case study to characterize plastic flows in Trinidad and Tobago (T&T) 
for 2016, demonstrating how leveraging such data enables MFA. Plastic is mostly landfilled in 
T&T, a notable result from the MFA is that much of it (48%), comes from plastic packaging for 
imported products rather than intentional domestic use. This is an example of what is probably a 
typical CE challenge for island nations: Importing materials with limited domestic demand at 
end-of-life. I use the MFA results to propose suggestions for a more circular flow of plastics in 
T&T. First, there is potential to divert plastic waste (including packaging plastic) for use as 
feedstock in a local cement plant. Second, the scale of PET plastic flows is of sufficient scale 
(26,000 metric tons annually) to make domestic recycle feasible. Techno-economic studies are 
needed to properly develop and evaluate these proposals, the role of the MFA here is to identify 
promising directions.   
 
Introduction 
Amidst calls for improved environmental performance, economies are faced with the 
environmental impacts of a linear approach (take, make, dispose) to production and consumption 
(Bocken, de Pauw, Bakker, & van der Grinten, 2016; Ghisellini et al., 2016; MacArthur, 2013; 
McKinsey, 2012).  As with advanced economies, developing economies must find ways to 
improve their environmental performance while balancing continued economic development and 
avoiding a linear economic approach to development.  Implementation of circular economy (CE) 
is an option to achieve this. CE is the antithesis of the traditional linear economy (Ness, 2008), 
drawing heavily on industrial ecology (Frosch & Gallopoulos, 1989).  Through the development 
of closed loop systems and improving resource efficiency, CE seeks to reduce the anthropogenic 
impact on the environment from production and consumption without compromising economic 
growth (Pratt et al., 2016), decoupling economic growth from environmental impacts. CE aims 
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to establish a balance between economy, environment, and society (Ghisellini et al., 2016), and 
by redesigning products with the goal of minimizing inputs and the resulting waste (D'Amato et 
al., 2017; Ellen MacArthur Foundation, 2013; Ghisellini et al., 2016; McKinsey, 2012).  By 
developing closed-loop systems for various materials, CE also promotes the use of waste as 
inputs for industries, promoting inter industrial cooperation (D'Amato et al., 2017); diverting 
waste materials with potential value from landfills. 
The development of closed-loop systems is predicated upon an understanding of what 
materials flow within the system. The development and use of MFA are thus important to efforts 
to quantify flows through that environment. MFA can be useful in providing opportunities for 
legal, policy and efficiency interventions, detecting environmental problems, and providing 
needed technical data for decision making and planning.  These benefits may be more impactful 
for developing economies where environmental standards are often weaker, and these 
interventions can lead to badly needed environmental protection standards, economic resilience, 
and some level of economic stability by the identification of entrepreneurial opportunity, and 
resource optimization.  In developing nations there also exists opportunities for innovation and 
the development of infrastructure grounded in new technology, as opposed to developed nations 
who must deal with lock-in effects from antiquated infrastructure. MFA results can be used to 
indicate economic opportunities directly linked to environmental impacts, providing for the 
development of eco-friendly business that has a triple-bottom-line focus of environment, 
economy, and social concerns. 
There are two main goals in applying MFA to promoting CE in developing counties. The 
first goal is the address the challenge of limited data. The paucity of data is a general challenge 
in both the completion of the MFA and the validity of its results (Danius & Burström, 2001; 
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Lassen, Hansen, Cowi, & Planners, 2000; Lupton & Allwood, 2018).  The credibility of results is 
due to the process used in gathering and analyzing often conflicting data from various data 
sources (Chen & Graedel, 2012). Data concerns impact the confidence placed in the results of 
the MFA (Laner, Feketitsch, Rechberger, & Fellner, 2016).  For developing countries, the data 
challenge is often larger.  A common problem is lack of resolved data on the physical inputs and 
outputs of manufacturing. Characterizing production at a national scale relies on data collection 
efforts at the federal level. In reviewing production data for various selected countries, it was 
observed that national production tends to be limited in coverage of the number of individual 
products characterized and often do not cover physical flows only economic contributions 
(UNSD (United Nations Statistic Division), 2016).  Available production data focuses on goods 
contributing (significantly) to the GDP. While it is expected that data collection efforts will 
expand as a country becomes wealthier, in the meantime it is important to build capacity to do 
MFA given currently available data. The second goal is to specifically apply MFA to informing 
CE development. In principle, MFA provides valuable information in planning reuse and 
recycling systems. In practice, it has yet to be sufficiently used for this purpose. 
Here I undertake a case study of plastic flows in Trinidad and Tobago (T&T) to address 
both goals: developing the capacity to do MFA in data constrained situations and to apply MFA 
for CE.  Like many developing economies, T&T collects limited information of the mass and 
flow of materials within the economy, only tracking a few commodities that contribute 
significantly to GDP such as oil and natural gas. This lack of production data limits MFA, but 
also like a number of developing nations, T&T has rich trade data (Central Statistical Office of 
Trinidad and Tobago, 2016) as well as detailed waste characterization data (CBCL, 2010), so, in 
such an environment it is possible to construct an MFA.  I thus aim to use leverage this data to 
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explore is a detailed product level MFA at the national level. While there are many prior MFAs, 
none have provided the level of product level detail in a developing economy, details that are 
helpful in CE planning. The leveraging of data here is generalizable to other developing 
economies with similar availability as T&T. 
Second, the management of plastics is a practical issue facing the country.  Plastic 
accounts for 19% of municipal solid waste (MSW) in landfills in T&T (CBCL, 2010; Rajkumar 
et al., 2011).  For an island environment such as T&T, a challenge is posed by disposal sites 
without adequate environmental protection increasing the level of pollution in surrounding 
surface and ground water (Beckles et al., 2016), coupled with the inability to establish new 
landfills due to land availability (Government of Trinidad & Tobago, 2015; Marzolf, Casado 
Cañeque, Klein, & Loy, 2015). A CE solution may be the only viable long-term one.  The results 
of the MFA are used to identify opportunities for CE interventions that can have positive impacts 
for developing economies via economic development and entrepreneurial activity, increased 
employment and revenues, improved economic stability and resilience to external factors, and 
the development of environmental policy that protects the environment and promotes eco-
friendly business activity. 
Literature Review 
 
The practice of MFA has grown over the last several decades and has been applied to 
various materials and substances in different geographical aggregations (Kuczenski & Geyer, 
2010; Park, Hong, Kim, Lee, & Hur, 2011; Pauliuk, Wang, & Muller, 2013; Sarkar, Chamberlain 
Jim, & Miller Shelie, 2011; Van Eygen, Feketitsch, Laner, Rechberger, & Fellner, 2017; 
Yellishetty, Ranjith, & Tharumarajah, 2010; Zhou, Yang, & Hu, 2013). The MFA literature 
focuses on Europe and the U.S., however there is a growing body of work addressing the 
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developing world, especially China and India (Bao et al., 2010).  Prior studies in the developing 
world include studies focused on PVC in China (Zhou et al., 2013); international trade relations 
for Chile (Giljum, 2008); plastics flow in India (Mutha, Patel, & Premnath, 2006); some with a 
focus on islands such as biomass and petroleum flows in Trinidad and Tobago and Iceland 
(Krausmann, Richter, & Eisenmenger, 2014); industrial ecology, industrial symbiosis, and 
sustainability in Puerto Rico (Chertow et al., 2008; Deschenes & Chertow, 2004); household 
solid waste and marine litter on Kayangel Island in Palau (Owens Emily, Zhang, & Mihelcic 
James, 2011); and waste tires in Dominica (Sarkar et al., 2011). 
Reviewing studies in geographical proximity to ours, an MFA by Krausmann et al. 
analyzed the flow of biomass, petroleum, minerals flow in T&T and Iceland (two small island 
economies). The purpose was to track aggregated material flows over time, finding e.g. that T&T 
has become increasingly petroleum dependent. Tailored for its purpose, the MFA is not resolved 
to inform the implementation of CE for a particular commodity. 
Another study of an island economy, Dominica, uses MFA to project the accumulation of 
waste tires (Sarkar et al., 2011). The MFA was used to establish the base flow upon which two 
methods for projecting future accumulations were then applied.  The construction of the MFA 
was based exclusively on the use of trade data (import/export) for tires to the island as none are 
produced locally.  The authors discuss the potential for recycling waste tires on the island and 
conclude that the required investment expenditure to start recycling would not be justifiable and 
suggest that waste tires from nearby islands be imported to realize economies of scale (Sarkar et 
al., 2011).  It is probable that many Caribbean countries would be in a similar situation due to the 
small populations and solutions to waste accumulation on the islands would be a growing 
concern.   
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MFA is often limited by data availability (Dahlström & Ekins, 2006; Lupton & Allwood, 
2018), and the problem is compounded in many developing countries.  For some developing 
economies, only data on material production linked to select materials/industries that contribute 
significantly to GDP is collected. This data, while providing economic information, does not 
inform mass flows within the economy. Trade data on the other hand, is more often collected and 
reported in detail. Trade data can be used in MFA to characterize input/output of material flows, 
e.g. the study of waste tires in Dominica (Sarkar et al., 2011). Curiously, detailed mass flow 
trade data is sometimes more available in developing countries than developed. The U.S. and 
Japan, for example, collect detailed trade data but only publicly release the economic data, not 
mass flows. Table 2 indicates that the availability of detailed mass trade data but poorly resolved 
production data is a common situation in a number of developing countries. 
Table 2 - Data availability in production sector versus available trade for several developing nations - Number of products for 
which materials data is published (UNSD (United Nations Statistic Division), 2016) 
Country 









Peru 49 6,000 
Zimbabwe 30 5,500 
Nigeria 21 5,500 
Columbia 57 6,000 
 
 
Contribution to the body of knowledge 
 
The objectives of this case study are to a) show that a detailed MFA of a substance can be 
done by leveraging material trade data, and b) illustrate that the resulting MFA results can be 
used to develop strategies for the development of CE.   
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Contribution to methodology - As discussed previously, data availability can be a major 
challenge in conducting MFA (Dahlström & Ekins, 2006; Lupton & Allwood, 2018) more so in 
a developing economy where the institutional statistical gathering capacity may be 
underdeveloped.  This article uses rich trade and waste data to construct an MFA, providing a 
method and assumptions that can be replicated in similar data-poor environments (Table 2 above 
for examples).  The use of trade data is not uncommon.  Krausmann et al., 2014, use trade 
statistics as part of their examination of the material flow for biomass and petroleum.  In 
Dominica, because tires are not manufactured locally, the material flows are exclusively based 
on trade data (Sarkar et al., 2011) and to establish the flows of used personal computers (PC) in 
Peru trade statistics were again used (Kahhat & Williams, 2009).  While this study while is not 
the first to use trade data, it is the first to use disaggregated trade data as a key element to 
construct a detailed MFA.  By linking this rich source of information with detailed waste 
characterization data, I develop a resolved MFA for plastic flows in T&T.  While waste 
characterization is often used in the management of landfills, they are limited in that they do not 
provide information on the origin of the waste generated by various sources.  Coupling the two 
can provide local authorities with an understanding of the origin of the waste and allow for more 
effective management of materials that are present in the waste stream.   
The study is generalizable because the data situation of T&T is not unique.  Table 2 
shows that a number of other countries are similar: limited production data but rich materials 
trade data. The methodology I develop below can be used in these situations.   
Contribution of case study: There are prior industrial level MFAs done for a number of 
material flows in developing countries: China (Zhou et al., 2013), PVC; Chile (Giljum, 2008), 
international trade relations; and India (Mutha et al., 2006), plastic flows to list a few. These 
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studies do not use MFA results to explicitly propose changes. Our goal here is to connect the 
MFA results to specific proposals to explore to improve circular flows, in this case, plastic. 
Data and Methodology 
 
Data acquisition  
 
Import / Export data: Disaggregated trade (import/export) data for T&T was obtained for 
the year 2016 from the T&T’s government Central Statistical Office (CSO); this information 
included data on products imported (34,700) and exported (17,650) from the island.  For each 
product, data on country of origin, the harmonized system (HS) code, mass in kg and value in 
TT$ is included.  The HS codes (product trade codes) were mapped to product descriptions 
(Government of Trinidad and Tobago, 2007) for ease of use and understanding, then used to 
categorize material by product type with total flows obtained for each group.  Plastics are group 
under trade code HS 39, which contains 140 disaggregated products. Some products are inputs to 
industry (e.g. '3901.10.00', Polymers of ethane) others are consumer and/or commercial products 
(e.g. '3923.21.00', Sacks and bags … of polymers of ethylene).  By examining the product 
category names, I sort each product as either an input to manufacturing or consumption. The 
manufacturing phase represents the domestic production of plastic products in which plastic 
polymers or semi-finished goods are imported for domestic manufacturing. I also sub-divided 
consumer plastics into durable and non-durable types.  Durable refers to products typically used 
more than once, e.g. plastic pipes, dishes. Non-durable products are one-time use such as 
packaging, straws, and disposable cups.  The durable/non-durable distinction is useful to 
characterize the potential of interventions such as plastic bag bans to reduce material flows.     
Waste data:   In 2010 a detailed characterization of municipal solid waste in T&T was 
done (CBCL, 2010; Rajkumar et al., 2011). This study involved sampling of landfill waste and 
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detailed analysis of its material composition. Plastics were divided into several categories (such 
as clear PET containers, colored HDPE containers, tubs, and lids (HDPE, PP, LDPE, PS), LDPE 
film, and PS containers (foam)) and annual content of waste estimated.  Total plastic waste was 
estimated to account for 19% of the waste received and landfilled.  The estimation was for MSW 
only and did not include industrial and commercial (I&C) waste, which is collected and treated 
by private third-party entities prior to delivery to the nation’s landfills.  Industrial and other 
waste accounted for roughly 33% of the total waste received in landfills for 2010. There are no 
available characterized reports for MSW in 2016, the target year of our study.  Conversations 
with Maria Allong, Quality Health Safety and Environment Manager at  SWMCOL indicated 
that waste processed in T&T landfills has been roughly constant, 750,000 metric tons annually 
(Allong, 2018).  I thus assume the 2010 results are a reasonable representation of 2016 plastic 
waste.  
 
Methods and data processing  
 
A single year MFA is conducted for T&T of direct flows of plastic in 2016.  In the 
process of completing the MFA, data constraints led to assumptions.  The plastic flows were 
categorized (SEE APPENDIX 1).  Major assumptions are outlined and justified below.  
a. The system is in equilibrium: the system is assumed to be in equilibrium, i.e. constant 
flows of plastic in and out of the system. One implication of this assumption is that I use 
results for waste characterization in 2010 to reflect 2016. This assumption is justified by 
the observation that industrial and commercial activity between the years 2010 and 2016, 
as measured by GDP, is nearly static for this period (see Figure 4 below).  Population 
growth was at 0.3% during the period 2010 to 2016 (Central Statistical Office of Trinidad 
and Tobago, 2018). In addition, plastic imports for this period are relatively stable 
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averaging US$219 million. I therefore argue it is reasonable to assume that flows into the 
consumption phase are in equilibrium and any additions to stock as discussed in (Fischer‐
Kowalski et al., 2011) via durable goods/products replaces obsolete end of life (EOL) 
plastics.   
b. End use for imported pre-cursor plastics: Finished plastic goods can be characterized 
easily based on their product title, e.g. dishware, cups, pipes. In contrast, it is difficult to 
know precisely what products plastics precursors (such as ethylene polymers) end up in.  
I assumed the final products manufacturing from imported plastic materials based on a 
review of the most popular uses of different polymers and a review of T&T 
manufacturing infrastructure. For example, polymers of vinyl chloride are generally used 
to produce PVC piping and there are facilities in T&T that manufacture PVC pipes and 
other goods. Therefore, polymers of vinyl chloride are assumed to be used for making 
PVC pipes.  Another example is alkyl resins, which are often used in the manufacture of 
heat resistant paints, assumed to be used in its manufacture locally because of the 
presence of paint manufacturers in T&T and as such is categorized as durable. 
c.  Trade statistics are accurate:  It is assumed that the government of T&T is able to 
record trade statistics with reasonable accuracy. 
d. Unquantified plastic waste in the landfills:  The calculations presented below represent 
plastic waste from MSW only (CBCL, 2010).  The disposition of industrial and 
commercial waste has not been characterized in T&T; it is assumed that plastics from 
these sources are landfilled.   
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Figure 4 - Gross Domestic Product Trinidad and Tobago 2010 – 2016.  Constant 2010 US$ adapted from (World Bank, 2019) 
 
Using MFA to identify CE opportunities 
 
The results from the MFA can be analyzed to identify CE planning opportunities.  By 
providing quantifiable data, specific actions can be taken to close material loops, (in this case 
plastic) via legislative and policy initiative, as well as entrepreneurial activity involving locally 
generated waste. The approach to this analysis is to examine waste streams and consider 
alternatives such as recycling or waste-to-energy.  MFA results inform scale questions on 
feasibility, e.g. if a material flow or combination of flows is of sufficient scale to justify the 
capital investment in recycling. The MFA based on both trade and waste data provides 
opportunities for CE, where the quantities of materials can be quantified, and the trade 









































MFA for plastic in T&T 
 
Figure 5 shows the MFA results. Numerical values from flows come from either trade 
data, waste characterization or materials balance. Import and export flows are shown in green in 
Figure 5. Subtracting exports (6,372 metric tons) from imports (42,464 metric tons) to 
manufacturing gives the flow of plastics from the manufacturing to the consumption sector 
(36,092 metric tons).  The flows into the consumption phase are split between residential 
household consumption (17, 202 metric tons) and industrial and commercial consumption that 
included construction materials (18,921 metric tons). The plastics import data indicates a flow of 
finished products to consumption of 34,375 metric tons (26,370 metric tons to residential 
household consumption and 8005 metric tons to industrial and commercial consumption). 
Combining this with flows from manufacturing gives 70,498 metric tons flowing into 
consumption from exports and domestic manufacturing.  
As discussed earlier, the system is assumed to remain in equilibrium; therefore, any 
plastic flows to the consumption phase will replace end-of-life (EOL) or obsolete plastics which 
will in turn flow to MSW management for disposal.  The waste characterization study shows 
96,329 metric tons of plastics from residences entering landfills.  The data indicates that 34,375 
metric tons of plastic waste will flow from residential consumption to municipal solid waste 
(MSW) systems to the landfill.  The disparity in quantities in the MSW plastic waste (96,329 
metric tons received, and 34,375 metric tons generated) indicates an additional source of plastic 
waste.   A large share of plastic waste received in the landfills is low-density polyethylene 
(LDPE) film (45,850 metric tons), used in product packaging.  The presence of a large quantity 
of LDPE film and packaging in the landfills point to indirect plastic flows entering the system.  
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As is the nature of island environments, much of the products consumed is imported and would 
contain a requisite packaging, and it is logical this indirect source of plastic waste in the form of 
LDPE film and plastic packaging will find its way to landfills.  Using a mass balance calculation, 
52,757 metric tons of LDPE film and packaging materials enter the system indirectly. 
As discussed above, there is an assumption that there is a portion of unquantified plastic 
waste in the nation’s landfills.  Plastic waste from industrial and commercial sources are 
unaccounted for and not characterized by the 2010 characterization report (CBCL, 2010).  As 
there is no data source directly informing this flow, I use materials balance to determine this 
balance.  19,344 metric tons of industrial and commercial waste, as well as 7,582 metric tons of 
miscellaneous waste (consisting of plastics suspended in fluids, solvents, paints etc.), flows out 
of the consumption phase, much of which will end up in the landfill and is not quantified by 
available characterizations. 
 
Table 3 - Methodology for determining plastic flows in Figure 5 - Material flow analysis (MFA) for plastics flow in Trinidad and 
Tobago for 2016. 
Flow from Flow to Method Source 
Raw Materials Manufacturing Primary data (Central Statistical Office 
of Trinidad and Tobago, 
2016) 
Intermediate  Manufacturing Primary data (Central Statistical Office 
of Trinidad and Tobago, 
2016) 
Finished Products Consumption Primary data (Central Statistical Office 
of Trinidad and Tobago, 
2016) 
Manufacturing   Raw Material 
Export 
Primary data (Central Statistical Office 
of Trinidad and Tobago, 
2016) 
Manufacturing Finished Product 
Export 
Primary data (Central Statistical Office 
of Trinidad and Tobago, 
2016) 
Manufacturing Consumption Mass balance: residual 
of imports – exports to 
manufacturing  
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Total direct flows of plastic waste from the residential household consumption phase 
accounts for 45.2% of landfilled MSW plastic waste with the balance 54.8% being derived from 
plastic packaging.    The use of plastic film and plastic packaging has been steadily growing 
(Mutha et al., 2006) and as such is increasingly a major source of plastic waste (Hopewell, 
Dvorak, & Kosior, 2009), for 2016, it is estimated that packaging and embedded waste 
accounted for 52,757 metric tons of indirect flows of waste plastic into MSW management 
system accounting for as much as 54.8% of the plastic waste present in the landfills for 2016.  
This estimate is comparable to the UK with 58% (Hopewell et al., 2009) of its plastic waste 
made up of LDPE film and plastic packaging of various polymers.   
Total direct and indirect plastic flows within T&T for 2016 is 129,669 metric tons of 
plastics with outflows form the system of 6,372 metric tons exported and 96,329 metric tons 
consumed and disposed of locally.  While not included, there is a degree of pollution to the 
environment, but with no available data, it is not captured in the system flow graphically 














MSW Management Export Waste Primary (Central Statistical Office 
of Trinidad and Tobago, 
2016) 
MSW Management Landfill Processed from waste 
characterization data  
(Allong, 2018; CBCL, 
2010) 




The MFA clarifies the composition and sources of plastic wastes in T&T.  Table 4 
summarizes waste quantities by type.  These results can be used to inform the feasibility of 
different circular strategies for collection and management of local plastic waste. 
Material Quantity  % of plastic 
waste 
PET  26,050 MT 27% 
LDPE film 45,850 MT 47.6% 
Polystyrene (PS) 8,600 MT 8.9% 
HDPE 5,100 MT 5.3% 
Sacks 2,750 MT 2.9% 
Mixed 1,050 MT 1.1% 
Unidentified 6,929 MT 7.2% 
Table 4 - Estimated composition of mix of plastic waste in Trinidad and Tobago landfills for 2016 in metric tons (MT) based on 
(CBCL, 2010). polyethylene terephthalate (PET), Low-density polyethylene (LDPE) High-density polyethylene (HDPE). 
 
 
Figure 5 - Material flow analysis (MFA) for plastics flow in Trinidad and Tobago for 2016.   
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Analysis of CE Opportunities 
 
The results of the MFA for plastic in T&T yielded various insights that can be used in the 
CE planning for the management of plastic waste in T&T.  Specifically, I consider these 
strategies in light of the MFA results: 
• Ban of polystyrene  
• Recycling of PET, HDPE, and other plastics 
• Use of LDPE plastics as an alternative fuel in cement production 
Ban of polystyrene (PS): A variety of products ranging from food containers to product 
packaging are manufactured using PS materials.  In 2016, T&T imported 2,182 MT of PS in 
primary form with 8,600 MT of PS accumulating in the nation’s landfills that year pointing to 
other sources of PS is entering the MSW stream, most likely from product packaging as part 
hidden plastic flows.  The recycling of PS is technically possible, but challenges exist due it is 
low density and toxicity (Cella et al., 2018; Hopewell et al., 2009; Marten & Hicks, 2018) and is 
not a common practice (Marten & Hicks, 2018).  In particular for T&T, the annual generation of 
PS waste of 8,600 MT is too small to make domestic recycling economically feasible (Hopewell 
et al., 2009).  
Therefore, the management of PS waste requires an approach different from recycling.   
Banning the use of PS materials is proposed.  In 2019, T&T banned the use of PS (MPD, 2019), 
and in so doing has joined an increasing number of regional territories such as St. Vincent and 
the Grenadines, Grenada, and Guyana to do so.  Alternatively, plant based plastic materials are 
being used as a substitute for traditional PS products for food containers.  This ban on 
importation of PS only addresses the direct import of the material (2,182 MT), and it is assumed 
that a large proportion of the 8,600 MT of PS sent to the landfill in 2016 is in packaging of 
imported products.  T&T as a small consumer has no influence over packaging decisions made in 
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larger economies where products originate.  The potential impact of the ban would be a diversion 
of the 2,182 MT of imported PS from the waste stream.   
Opportunity for PET recycling: 26,000 metric tons of PET including packaging material was 
disposed of in 2016, indicating adequate feedstock for domestic recycling of PET that can 
replace a significant portion of imported virgin plastic and recycled product that can be exported 
regionally.  PET recycling plants start at a capacity of approximately 2,000 metric tons annually 
and can range to a capacity of  6,600 metric tons (Beston (Henan), 2018). 100% collection is 
presumably impractical, but 60% recovery has been achieved in other recycling systems, e.g. 
Switzerland, Denmark, and Germany (Hopewell et al., 2009).  The supply of PET practically 
available for recycling is thus 15,630 metric tons, sufficient to justify a domestic recycling 
facility. The next question to address is to what extent recycled PET feedstock would be 
demanded domestically. T&T currently consumes 11,147 metric tons of PET products, lower 
than the supply of recycled feedstock. Feasibility of the recycling facility thus depends either on 
the expansion of domestic PET production or export of excess PET feedstock.  
LDPE used in waste to energy: 45,000 MT of LDPE film is the largest proportion of local 
plastic flows. The presence of a significant portion of LDPE plastic film in the plastic waste 
stream has challenges, providing the film can be removed effectively from other waste, it can be 
recycled (Achilias, Roupakias, Megalokonomos, Lappas, & Antonakou, 2007).  LDPE film and 
packaging present a challenge for collection and sorting due to its low density making it a more 
investment intensive to recycle, and the process of separating material types impractical and as 
such not beneficial (Barlow & Morgan, 2013; Hopewell et al., 2009).  Opportunities for reuse are 
limited due to the customization needs for packages, however, if collected, can be used as a co-
fuel in a waste to energy strategy.The use of waste as an alternative fuel in cement production is 
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a well-established approach in both Europe and the US (Chatziaras, Themelis, & Psomopoulos, 
2016; Lamas, Palau, & Camargo, 2013; Rahman, Rasul, Khan, & Sharma, 2015), and it may 
well be more cost-effective to adapt a cement kiln to waste incineration rather than to build a 
new waste-to-energy facility (Mokrzycki & Uliasz- Bocheńczyk, 2003). T&T has a cement plant 
(Trinidad Cement Limited (TCL)) that has a capacity of producing 1.2 million metric tons of 
cement annually.  Cement production requires substantial fuel inputs both to produce heat and as 
a source of carbon for the required chemical reactions. It is possible to substitute a variety of 
carbon-rich waste products, including waste plastic, as an alternative fuel to cement production 
(Lamas et al., 2013; Rahman, Rasul, Khan, & Sharma, 2013; Rahman et al., 2015; WBCSD, 
2009).  It is important to compare the scale of waste plastic that the cement plant could take with 
the scale generation. To characterize the former, the target substitution rate of 25 to 35% 
(WBCSD, 2009) using MSW as the AF is used in projecting the amount of waste needed to 
satisfy the fuel needs for the local cement kiln.  The TCL cement plants consumes, 13,015,169 
MJ/day (Government of The Republic of Trinidad and Tobago, 2017), replacing 25 to 35% of 
this input translates to the combustion of between 69,724 MT – 97,614 MT of MSW respectively 
per year, based on the calorific values for MSW (Garg et al., 2009).  The potential mass of 
diverted plastic using MSW as the alternative fuel is 16,497 MT (post removal of recyclable 
content).  With the curbside collection of LDPE film and sacks 29,160 MT of plastic waste is 
available for use as an alternative fuel for the local cement kiln.  The use of this alternative fuel 
can substitute 19% of the energy requirements for the kiln based on the calorific values for 
LDPE film (Themelis, Castaldi, Bhatti, & Arsova, 2011).  In addition to its use as an alternative 
fuel, LDPE can be used as an additive to various construction products such as asphalt pavers 
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and cement (Dhawan, Bisht, Kumar, Kumari, & Dhawan, 2019; Saikia & de Brito, 2012; 
Siddique, Khatib, & Kaur, 2008) 
Alternative fuel use in the cement industry does present benefits outside of the obvious 
reduction in primary fuel consumption, including the reduction of costs and contributing to the 
disposal waste (Lamas et al., 2013) as the waste residue from incineration can be incorporated 
into cement clinker (Ashley Murray & Price, 2008).  While the combustion of plastic or other 
waste contributes to the reduction of landfilled waste, it is expected that incineration occurs in 
appropriate facilities where requisite filters and scrubbers are in place to handle the resulting 
emissions with oversight from the appropriate environmental agencies to protect the health of 
residents. 
Figure 6 describes a proposed system for the management of plastic waste in T&T 
including reductions in the import of various plastics including an importation ban on PS 
plastics.  As described above, the use of strategies such as a tax on single-use plastic bags as well 
as a ban on PS materials is geared to a reduction in the consumption of PS and PET materials.  
The collection and domestic recycling of plastics include PET, HDPE, and LDPE materials 
collected via co-mingled curbside collection will be processed at local material recovery 
facilities (MRF), with PET and HDPE being sorted and processed for recycling and the LDPE 


















Figure 6 - Proposed plastic management recycling system for Trinidad and Tobago.  Recycling rate is set at 60% and proposal 
includes strategies for the reduction in consumption of PET, HDPE, and PS plastic and LDPE use in waste to energy strategy.  
Table 5 below, summarizing the impact of potential CE interventions on the management 
of plastic waste in T&T.  With a 60% recycling rate as a target by the government (Government 
of Trinidad & Tobago, 2015), 18, 600 MT of the 26,000 MT of PET and HDPE  that flows to the 
landfill can be potentially diverted and recycled providing material for local and regional 
markets.  Based on the discussion above pertaining to the use of LDPE film and packaging as an 
alternative fuel in waste to energy strategies, some 29,000 MT of this material can be used by the 
local cement plant.  The quantity of LDPE film diverted in this manner can be increased 
providing it is adopted by other heavy energy users locally.  Based on these initial 
recommendations, the diversion of 50,000 MT of plastic from the landfill is possible accounting 
for 48.1% of plastic waste received in 2016.  In addition, consideration and use of other 
strategies such as consumption taxes can further reduce the consumption of various plastics 
locally diverting plastic waste from MSW. 
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Table 5 - Projection of plastic waste diversion from landfills in Trinidad and Tobago including projected substitution rates for 
alternative fuels in local cement plant. (Polystyrene (PS), polyethylene terephthalate (PET), High-density polyethylene (HDPE). 
 
60% recycling 
Activity/Impact Diverted plastic waste 
Importation ban PS 2,182 MT 
Recycling (PET, HDPE) 18,690 MT 
Waste to energy 
(cement) & 
Construction additive  
29,160 MT 
Diverted plastic 50,032 MT 
Total in Landfill plastics 46,297 MT 
% diverted 48.1% 
 
Industrial and commercial waste needs characterization. With no available characterization for 
industrial and commercial waste in T&T, this MFA projects that 19,344 metric tons of the 
247,000 metric tons of industrial and commercial waste disposed of in landfills in 2016 is plastic 
materials including PVC and paints.  The presence of polyvinyl chloride (PVC) which requires 
separation from other plastic waste to be recycled (Menges, 1996; Nakem et al., 2016) but can 
pose challenges (Ciacci, Passarini, & Vassura, 2017; He et al., 2015).  To fully appreciate the 
challenges and the management approached available, further study is required.   
Conclusion 
I have demonstrated that a combination of detailed trade data and a waste 
characterization study are sufficient to enable a resolved nation-level MFA. This case study 
addressed plastics, but the datasets enable the study of many other substances as well. As 
mentioned earlier, a number of other countries have data availability situations similar to 
Trinidad and Tobago and this or a similar approach should enable MFA studies in these 
countries. Note that trade statistics are generally collected annually, so analysis of trends in a 
more dynamic situation is possible, with the caveat that waste characterization studies are usually 
done sporadically at best.  
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The use of MFA can inform decisions related to waste management and the development 
of circular economy in Trinidad and Tobago and other economies.  I compared the scales of 
flows from the MFA (e.g. PET plastic) with the possible scales of solutions (e.g. a domestic 
recycling facility). Had less PET plastic been generated in T&T, for example, this would indicate 
recycling would be better done through export and aggregation from T&T and perhaps other 
countries. T&T having a large cement facility and large flow of difficult to recycle plastic 
suggests the potential of waste-to-energy/fuel. I emphasize that our circular economy “proposal” 
is a suggestion of promising options, not an assertion. More specific economic and technical 
study is needed to evaluate the establishment of a domestic PET recycling facility and diversion 
of plastic waste to the cement plant.   
As developing economies enhance their ability to collect, analyze, and produce data 
reports, improvements to MFA construction will positively impact the results leading to better 
analysis and a more refined output.  For T&T, additional characterization of plastic waste flows 
from industrial and commercial sources is warranted as well as research into creating support for 
and the application of CE in small developing economies to provide alternatives in meeting 
sustainable development goals. 
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Chapter 4 - Challenges and Motives for Circular Economy Incubator 
adoption. A Trinidad and Tobago Perspective 
 
Abstract 
In chapter 2, I introduced a conceptual and theoretical framework for the development of a 
proposed CE incubator.   In discussing the framework, I identified two challenges that would 
face the implementation of it; access to data, which was discussed in chapter 3, and the 
participation of local actors in the CE incubator network which is the focus of this chapter.  This 
chapter asks the question of what obstacles and motivations impact actor participation in a 
specialized circular economy focused incubator network in an environment with weak 
government institutions and no industry champion?  Based on a series of semi-structured 
interviews, two issues emerge, the first is the lack of trust in government’s ability to lead the 
development of such an entity.  Second is the poor development and understanding of circular 
economy strategies and opportunities.  I conclude this study with a discussion on the implication 
of these results and provide possible solutions to challenges experienced by local actors in 
Trinidad and Tobago.  These recommendations are generalizable to other developing economies 
or to an economy where sustainable entrepreneurial activity would benefit a local economy.    
 
Introduction 
Two approaches to the development of CE have emerged, a top-down approach which 
begins with societal pressures of some type resulting in legislation and policy initiatives that 
develop CE systems (Lieder & Rashid, 2016)  as documented in China.  In Europe, the opposite 
has evolved, with a bottom-up approach where CE has evolved amongst industry at the firm 
level in response to pressures for profitability (Lieder & Rashid, 2016).  For environments that 
lack both industrial champions or strong government control and direction, I argue that the 
development of a CE focused incubator can be a powerful mechanism for the development of 
CE.    
CE, with its roots in IE theory and literature (Ghisellini et al., 2016), and like IE, 
compares industrial systems to natural systems which is considered part of a larger ecosystem 
(Geng & Doberstein, 2008).  Eco-industrial systems, including eco-industrial parks (EIPs), have 
been viewed as a way to promote circular economy allowing for the transition from linear 
consumption to more circular ones (Geng, Zhu, Doberstein, & Fujita, 2009; Yang & Feng, 
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2008).  Authors have encouraged this type of industrial symbiosis (IS) (Chertow & Ehrenfeld, 
2012; Chertow & Park, 2016; Lombardi, Lyons, Shi, & Agarwal, 2012).  The search for business 
models that can support sustainability initiative is becoming increasingly a focus in the literature 
(Boons et al., 2013).  Business models can include those activities that can extend or exploit the 
residual value of the resources used.  Examples of this include inter-firm collaborations and take 
back programs where value can be obtained from what would otherwise become waste (Bocken 
et al., 2016).   
Social components form the basis of collaborative networks such as IS networks 
(Domenech & Davies, 2009; Mileva-Boshkoska, Rončević, & Uršič, 2018) playing a role in the 
development of the network.  The understanding of these elements will be useful to the 
understanding of how IS and CE networks develop.  Collaborative networks are well established, 
facilitating engagement and interaction amongst multiple participants (Camarinha-Matos, 
Afsarmanesh, & Boucher, 2010; Liu et al., 2017), that redounds to the benefit of participants in 
respect to business innovation and sustainability.  Liu et al, 2017, explore the antecedents and 
formation of collaborative networks focused on shared solutions to shared challenges amongst 
participants.  
The emergence and development of collaborative networks that can recognize 
environmentally sustainable opportunities and facilitate the exchange of by-products is a 
fundamental component of IS and the development of EIPs (Chertow & Ehrenfeld, 2012; 
Chertow, 2007; Mirata, 2004).  The presence of an appropriately focused incubator can enhance 
the development and recognition of exchange opportunities (Aid et al., 2017; Bellantuono et al., 
2017).  In an environment where ‘kernels’ of IS (Chertow & Ehrenfeld, 2012; Chertow, 2007) 
remain unrecognized, the use of a circular economy (CE) focused incubator may provide the 
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spark needed to get the process moving forward.  However, the question is what obstacles do 
local actors face and what motivations do they have when considering participation in such an 
incubator network? Furthermore, what can be done to overcome the obstacles? 
IS networks are rooted in social systems and interactions (Mileva-Boshkoska et al., 2018; 
Uzzi, 1996) with an emphasis on the circular flows of resources and networks that provide 
sustainable industrial activity (Chertow & Lombardi, 2005), and as such, impact the 
development of the IS networks and their physical manifestation the eco-industrial park 
(Chertow, 2000). IS networks are characterized by the sharing of common resources such as 
infrastructure and services as well as the exchange of at least two by-products (waste) amongst at 
least three disparate firms with a goal is reduced costs and improved environmental performance 
(Chertow & Park, 2016). 
Successful planned EIPs require the development of communication and trust to facilitate 
the information sharing needed to identify opportunities (Chertow & Ehrenfeld, 2012; Yu, Han, 
& Cui, 2015), with long-term success requiring engagement of top managers, commitment and 
the institutionalization of norms and values that support this type of interfirm collaboration (Yu 
et al., 2015).  As such, IS includes the integration of disparate companies into a system of 
networked firms, where the collaborative, and innovative links promote the reduction of 
environmental impacts in a cost-efficient and profitable way (Domenech & Davies, 2009; 
Lombardi & Laybourn, 2012).   What seems clear is that communication across actors is 
essential in finding and exploiting opportunities for symbiosis and circularity.   
The circular economy includes IS (Saavedra et al., 2018) with the focus on the closure of 
material loops within an economic system (Geng & Doberstein, 2008) and sharing resource and 
energy stream to enhance their efficiency (Mathews & Tan, 2011). CE promotes circular 
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strategies aimed at reduction in raw material use, the reuse or remanufacturing of products, and 
the recycling of products and material.  The goal is a redesign of products and processes so that 
waste is eliminated or minimized in the production system as well as post-consumption.  In this 
way, the dominant linear consumption patterns are replaced with more circular ones (Geng et al., 
2012; Geng et al., 2009; Xue et al., 2010).  While CE is rooted in industrial ecology and assumes 
the adoption of cleaner technology, it aims to improve resource use while decoupling 
environmental impacts from economic growth through collaboration and exchange (Ghisellini et 
al., 2016). 
Role of CE incubator network – Business incubators have traditionally focused on the 
development of feasible business ideas and the support of entrepreneurs as they develop these 
ideas.  The CE incubator can play a role in the transition from a linear economy to a more 
circular one, with the incubator as an intermediary between sustainable actors and the 
institutional regime (Gliedt et al., 2018) (i.e. the status quo).  The CE incubator seeks to promote 
the collaborative network and communication links connecting individuals (Chertow & 
Ehrenfeld, 2012) and in this way promote opportunity identification and development associated 
with various material flows.  In essence, the presence of synergies within business interactions is 
a key success factor for EIPs (Sakr et al., 2011).  This business relationship facilitated by an 
incubator can promote the development of a supportive environment that delivers several 
positive attributes necessary for the development of by-product exchanges as has been noted in 
Sweden’s waste management sector in Aid et al., (2017).  Bellantuono, (2017) has noted that 
incubators can be used to ‘drive’ development EIPs, and this is illustrated by the Egyptian 
government’s plans to include an appropriate incubator in their own EIP development 
(ElMassah, 2018).  These examples (Aid et al., 2017; ElMassah, 2018) seem to point to a 
Page | 71  
 
growing realization that incubators can play a role in promoting the development of unique 
networks that promote synergies within EIPs and in this way strengthen CE. 
Along with providing access to information not usually available to nascent entrepreneurs 
(discussed in Chapter 2), the incubator as champion of environmentally sustainable initiatives 
can bridge the gap between green niche entrepreneurs and green policy entrepreneurs (Gliedt et 
al., 2018), essentially, creating a link between sustainability-focused entrepreneurs and firms 
with legislators who create the framework and level the playing field.  The presence of the 
network can therefore be considered a key characteristic in the development of IS and CE 
(Mileva-Boshkoska et al., 2018; Mortensen & Kørnøv, 2019), and necessary for the 
transformation of the economy from a linear to a circular.  For economies where there is no 
established network, the formation of one is a necessary first step, and overcoming the localized 
challenges to its formulation is a prior step before IS and the resulting CE opportunities can be 
found and gain traction.    
This chapter seeks to investigate stakeholders’ perspectives related to their participation in 
the formation of a CE incubator network.  With a developing country (Trinidad and Tobago), a 
grounded theory approach was used to elucidate obstacle and motivations related to the 
antecedents of network formation.  This balance of this chapter will review the current literature 
related to specialized networks of IS and CE, then outline the methodology used.  Results are 
then presented with an analysis of the data. The chapter concludes with a discussion on the 
implication of the findings with consideration of what interventions are possible to promote the 








 Mishra et al., 2018 identified driving forces for the development of CE networks within 
an economy.  These include the stability of the government and economy, environmental 
sustainability and the availability of raw materials (Mishra, Singh, Johansen, Cheng, & Farooq, 
2018).  These findings are aligned to a recent review of the CE literature  (Kumar, Sezersan, 
Garza-Reyes, Gonzalez, & Al-Shboul, 2019), which describes the barriers and opportunities of 
CE implementation.  Kumar and colleagues note macro-environmental forces of socio-political, 
economic, legal, and environmental forces that can impact the implementation. 
The IS literature has established that industrial symbiosis networks are rooted in the 
collaborative networks within an environment (Mortensen & Kørnøv, 2019; Uzzi, 1996). 
Characteristics of IS networks including the shared resources and material exchange have been 
identified by (Chertow, 2007; Chertow & Park, 2016; Domenech, Bleischwitz, Doranova, 
Panayotopoulos, & Roman, 2019).  The social characteristics of industrial symbiosis networks 
have spurred the interest of an increasing number of researchers (Ashton & Bain, 2012; Song, 
Geng, Dong, & Chen, 2018).  Research related to the underpinnings of the social network such 
as the impact of embeddedness within networks, co-location and geo-proximity, and the 
importance of trust as being integral to the success of IS and the resulting eco-industrial parks 
have been highlighted (Ashton & Bain, 2012; Chertow et al., 2008; Chertow, 2007; Doménech & 
Davies, 2011; Ghali, Frayret, & Ahabchane, 2017; Gibbs & Deutz, 2007; Harris et al., 2008; 
Hewes & Lyons, 2008; Velenturf & Jensen, 2016).   
Social embeddedness refers to the social structure of the network and the repeated 
interactions of individuals and firms within the network (Gulati & Gargiulo, 1999; Kilduff, Tsai, 
& Hanke, 2006; Mileva-Boshkoska et al., 2018; Uzzi, 1996) and is central to the IS network.   
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Social embeddedness is related to the number of times network participants interact with each 
other and is based on a level of trust amongst network members (Ashton & Bain, 2012; Ghali et 
al., 2017; Velenturf & Jensen, 2016) and understanding these network dynamics is critical to 
informing policy and behaviors for their development (Mortensen & Kørnøv, 2019).   
The success of IS does not occur in isolation but is an interaction between individuals and 
organizations embedded in various network relationships (Mortensen & Kørnøv, 2019), and as 
such consideration of motivation and obstacles to participation is important to the development 
of IS and CE networks.  The IS literature has a tendency to focus on the role of already 
established professional networks for the development of IS exchanging knowledge and 
expertise (Lombardi & Laybourn, 2012; Mortensen & Kørnøv, 2019).  This exchange of 
information also included the sharing of norms which creates a shared outlook on the part of 
members of the network that influences their behaviors (Ahuja, Soda, & Zaheer, 2011; Ashton & 
Bain, 2012), but at the same time established networks may also hinder the development and 
change (Dow, Liesch, & Welch, 2018; Kim, Oh, & Swaminathan, 2006).  Access to these 
networks can facilitate the acquisition of resources that may otherwise be outside the reach of 
members (Ahuja et al., 2011; Gulati, Nohria, & Zaheer, 2000; Mortensen & Kørnøv, 2019).   
Recent developments in the IS literature  (Boons et al., 2017; Sun, Spekkink, Cuppen, & 
Korevaar, 2017) discuss the dynamic formation of IS networks, focusing drivers and other 
enable the formation of the network but fail to address the catalyst for that formation.  This 
omission is significant as the movement towards IS and CE requires deliberate decisions and 
sustained actions so that change can occur (Mortensen & Kørnøv, 2019). 
Mortensen and Kørnøv, (2019), build a conceptual model for the emergence of an IS 
process that includes a pre-emergence phase which includes “initial conditions and antecedents” 
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and unrecognized potential for resource flows (Mortensen & Kørnøv, 2019) pg. 59.  However, 




The importance of stakeholder engagement and support in circular economy 
implementation has been mentioned often (Geissdoerfer et al., 2017; Geng et al., 2012; 
Lewandowski, 2016; Lieder & Rashid, 2016) as well as in the sustainable entrepreneurship 
literature (Belz & Binder, 2015; Cohen, 2005).  The IS network literature discusses the theory of 
and model for network development using a number of analytical theories and tools.  They 
however, tend to focus on the development of the network after the initial recognition of 
potential has occurred (Ashton & Bain, 2012; Boons et al., 2017; Chertow & Ehrenfeld, 2012; 
Mortensen & Kørnøv, 2019).  The inclusion of stakeholder theory, long a component of the 
management literature has been used to link industrial ecology to corporate environmental 
management (Madsen & Ulhøi, 2001) and as such the consideration of the perception from a 
stakeholder’s viewpoint is a valid consideration in respect to the pre-emergence phase and what 
antecedents are at work prior to the emergence or awareness of IS.  Which gives rise to the 
research question for this chapter -  
o What are the challenges and motivations for participation in a CE incubator by 
actors? 
• Are there related challenges across actors that need to be addressed? 
• How can obstacles be overcome to promote network formation? 
 
While there are a number of barriers to the development of IS and CE networks, the aim of this 
study is to shed some light on some of the challenges faced by local actors in an environment 
that lacks environmental drivers for the development of CE and how might a CE incubator be 
used to overcome some of those challenges.  This study will also contribute to the body of 
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knowledge by adding empirical data to the answering of the question of constraints and 
motivations for participation in a CE incubator network.  
 
Methodology 
This study examines the antecedents that can impact the formation of a CE incubator 
network.  A snapshot of the current state of beliefs for potential participants can provide us with 
an understanding of underlying challenges and possible motivations for their decision to become 
involved and to participate in a CE incubator network.  This information may then allow us to 
create pathways towards the creation of a network fundamental to bridging green niche actors 
(entrepreneurs, firms, champions) and green regime actors (policy influencers, legislators) 
(Gliedt et al., 2018).  Chertow and Ehrenfeld, 2012 note that there are similarities between their 
three-step model and communication technology (ICT) open source software in the development 
of an inverse infrastructure - a bottom-up self-organization approach to the development of the 
supportive network.  With this understanding, the use of Liu et al, 2017, which explored the 
antecedents and formation of collaborative networks focused on shared solutions to common 
challenges amongst participants was a useful template for our approach to the study.  Following 
their example, a grounded theory approach is followed. 
Development of methodology – The primary approach used is one of grounded theory 
(Glaser & Strauss, 1967; Güler, 2019; Liu et al., 2017; Strauss & Corbin, 1990). Grounded 
theory is a general methodology for the development of theory that is grounded in data that has 
been systematically gathered and analyzed (Strauss & Corbin, 1994), in particular, grounded 
theory aims to characterize the attitudes of people and organizations  This approach allows for an 
open, organic evolution of theory from collected data and is still in use as seen in (Güler, 2019; 
Liu et al., 2017).  Data was coded in a manner in which themes evolve without an overburdening 
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of preconceived theory on the development of networks for collaborative solutions as seen in 
(Liu et al., 2017), allowing the data to determine the direction rather than attempting to fit data 
within an established theory.  The development of grounded theory requires a longitudinal 
observation of a population and this study represents the first step in that longitudinal 
observation.  The approach discussed by (Strauss & Corbin, 1990) was used, as it provided a 
more natural organic approach to the coding activities.  To improve the transparency of this 
qualitative research process, the data collection section follows the recommendations of Aguinis 
& Solarino, 2019 as closely possible 
Data Collection – For continuity purposes (from Chapter 3), where plastic materials 
were the focus of the development of material flow analysis data (MFA) for Trinidad and 
Tobago (T&T), participants were selected based on an interest in some type of sustainable 
entrepreneurship or closing the material loop for plastic in T&T.  The participants were drawn 
from professional networks in T&T such as the Trinidad and Tobago Manufactures’ Association 
(TTMA), or due to challenges with individuals agreeing to be interviewed, the researcher’s 
personal and professional networks as in the case of two of the interviews.  The participants were 
selected to represent a wide range of actors from the private, public, and non-government 
organizations (NGO) sectors of T&T that could potentially impact the development of the CE 
incubator and its network (see Table 6 for a breakdown of the participants).  Each participant 
received an information package (SEE APPENDIX 2) prior to the interview.  The package 
included: an invitation to participate, the study abstract, a consent form for participation, and a 
copy of primary and secondary questions that would be asked and met requirements of Rochester 
Institute of Technology’s Policy for the Protection of Human Subjects in Research (SEE 
APPENDIX 3), which included a statement confirming that the study was minimally evasive and 
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would not result in any negative impacts for participation.  With an agreement on the 
confidentiality of participation and responses, the raw data will not be made available.  Fourteen 
face-to-face, semi-structured interviews were conducted with the selected participants.   All 
interviews were conducted over a 1-month period (December 14th, 2018 - January 10th, 2019) 
and were recorded with a digital device, and transcript documents were prepared.  This activity 
resulted in 13 hours 40 mins of recorded interviews, that translated to 211 pages of transcripts for 
analysis.  The interviews varied between 18 minutes in one case and 1hr, 34 mins in another. 
 
Table 6 - Actor description and number of participants from that sector. 
 
Data Analysis – Transcripts were reviewed and edited for clarity and flow prior to being 
uploaded to (Dedoose, 2019) software for analysis.  Dedoose is a web-based software package 
that provides a platform for qualitative and mix method analysis of text transcripts of interview 
data.  The software supports the management of qualitative data, excerpts, coding, and analysis.  
The transcripts were uploaded to the Dedoose platform via the desktop app, where it was 
analyzed line by line and an evolving coding regime based on the grounded theory approach was 
applied. 
Participant Description Number of actors 
interviewed 
Financial Institution A senior manager in corporate and investment 
banking 
1 
Entrepreneurs CEOs, co-founders, solo entrepreneurs that have 
an interest in environmentally sustainable 
business opportunities 
5 
Academic A researcher with interest in environmental 
concerns 
1 
Government Agencies Various agencies involved in the financing, 




Civil society organizations with a focus on the 
environment 
2 
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Coding and analysis – The first pass at the data saw the formation of descriptive level codes 
which were not predetermined but emerged based on the data obtained from the transcripts.  This 
open coding procedure described the opinions of the participant and evolved based on the 
nuanced difference in the use of terms.  The codes themselves mirrored words and phrases used 
by the participants during the interview to minimize any bias on the part of the coder.  Using 
axial coding procedure (Liu et al., 2017; Strauss & Corbin, 1990), to explore core topics across 
various actors.  Finally, selective coding (Liu et al., 2017; Strauss & Corbin, 1990) was used to 
establish global themes that impact network formation challenges.  Constant comparison was 
used to establish classifications of concepts that were shared across various actors consolidating 
into global themes linked different respondents both individually and as a group, allowing an 
opportunity to examine how actors across the spectrum viewed the themes, and eventually start 
to build theory in a primarily inductive way.  An example of the coding structure used is 
provided in Table 7 below.   
Table 7 - Coding structure – Major global level codes applied to transcripts of interviews for the organization of emerging 
themes.   
Global Code Description Example 
Government Participation • Government control 
recommended 
• Light government 
participation recommended  
• No government interaction 
recommended 
“Definitely not management, I 
don't think government is well-
equipped to manage something 
like this. I think that a private 
sector player needs to be the 
core driver of this with the 
government as a partner among 
several partners – a 
stakeholder.” 
Information Input  • Lack of data or information 
related to CE 
• Discussions center on access 
to or lack of knowledge and 
know how 
“One of the challenges that we 
have in terms of information is 
the collection, collation, and 
analysis.  We are lacking in 
information generally.” 
Network • Discussion alluded to the need 
for a network to support CE 
• Discussion on the 
development of a network 
“stakeholders are a big part of 
the application (process) we 
have them write letters of 
interests or letters of 
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participation.  This determines 
the stakeholder participation up 
front, at least the initial 
stakeholders when the project is 
being implemented; you work 
with different stakeholders to 
maximize the value of the 
project.”  
Obstacles • Circumstances, limitations, or 
challenges that will prevent 
participation in the incubator 
“Right now, there's no 
advantage to be a green 
company. For instance, there's 
no preferential treatment to an 
entity for being a green 
company in Trinidad and 
Tobago currently” 
Motivation • Circumstances or benefits that 
would encourage or motivate 
participation 
“To use ways to be inventive, 
there are some things we should 
not be importing, we want 
people to use local materials, 
along with plastic to try to make 
new products” 
 
Normalization of data - Prior to the creation of Tables 8-9 and Figures 10-12, a 
normalization of the data was performed so that a comparison could take place across the 
different actors.  This was necessary because the number of actors interviewed in each category 
differed and the tables and graphs generated had an element of frequency for the use of codes 
applied.  Essentially, the number of times a code of interest was applied was divided by the 
number of actors in the category so that an average response rate could be discerned.  This 
allows for the reader to understand a preference for a particular action or behavior across actors. 
In addition, the data was analyzed to ascertain if there was an understanding of CE 
beyond simply the term.  However, the small sample size introduces an element of statistical 
uncertainty and the analysis recognizes that uncertainty.  The first analysis considers all 
respondents in one bin, followed by an analysis of responses by actor category. The latter is 
subject to larger statistical uncertainty due to the small number of actors interviewed per 
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category (only one for financial institution and academia). The results of the actor-separated 
analysis are thus only suggestive, needing further survey work to establish rigorously.  
A feature of the Dedoose software includes the ability to generate a word cloud so that 
the researcher can quickly discern emerging themes (Figure 7) that appear in the transcripts (post 
coding).  This feature is used as part of the axial coding process.  Tables 8-9 and the graphs that 
are part of Figures 10-12 were created by sorting data and media (uploaded transcripts) so that 
the researcher could pull responses across actors or theme. 
Results 
Emerging themes – based on the analysis of the interviews with potential actors in the 
sustainable entrepreneurship environment, several global themes become evident.   Primarily 
themes concerned with the need for a network, challenges with information inputs, and various 
subthemes that are coded as either an obstacle or a motivation emerge.  
 
 
Figure 7 - Word-Cloud - emerging themes based on the frequency of code use applied to transcripts 
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In considering the dominant themes that emerge from the study, it was the sub-theme of 
government participation in the development of CE that was interesting.   Challenges associated 
with formation such as information inputs were expected, along with concerns about access to 
finance. To further illustrate emerging themes, the result and analysis will use appropriate 
quotations throughout. 
Government participation – In this study, there is a widespread recognition for the 
inclusion of government in the CE incubator, specifically as they are identified as a stakeholder.  
However, the data shows that most respondents favored little or no government participation 
(Table 8).  Interestingly, while government agencies varied on what level of support from the 
government would be required, they were clear that they needed to be involved.  
“I think, the government's lack of participation would be an asset. The only thing you want from 
the government is for the government to give their ok to it.” – Manager at a government agency  
 
“I think it's desirable given that you will need a lot of land space, access to communications and 
that sort of thing. It will also have to be in some type of zone because of the effluent etc.  You 
can't put a recycling incubator any and everywhere because it involves significant processing of 
waste, your physical location will not be in urban areas, and then when you get into that area, 
your communication, electrical lines, water connections that sort of thing (would require 
government support). Typically, I think because of the nature of what you are doing, some level 
of government support might be desirable. Whether or not to give you some state lands, it may 
very well fit in with the government's development plan and if you are in alignment, then you 
have easy access.   If you are closely related to what they want to do in terms of their overall 
intention for the economy and for development of particular areas of particular zones.” – Senior 
Manager at a government agency  
 
There also seems to be a preference on the part of government agencies for a less direct 
role; a supporting or consulting role that allowed for little or no direct involvement.  This 
preferred approach is attributed to the agencies perceiving themselves as regulatory bodies 
responsible for system oversight, noting that they needed to remain objective and not participate 
directly in an incubator designed to promote CE activity locally.   
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“Certainly not managerial, an advisory and or participatory [role]. We may be able to bring 
ideas, provide considerations that are important which private sector companies may not see. 
For instance, trade agreements. The incubator might want to do something that is contrary to a 
trade agreement that we have with CARICOM (The Caribbean Community), so the government 
will provide that feedback” – Senior Manager at a government agency  
 
For entrepreneurs, the data provided a different perspective.  While they viewed 
government support as desirable, they preferred little to no participation on the part of the 
government with respect to control or management of the CE incubator.  For their part, 
entrepreneurs had a negative perception of government capacity and motivation in a venture such 
as a CE incubator.  Some entrepreneurs felt that a significant role by the government would 
increase bureaucracy and cause the project to be less flexibility in responding to changes in the 
market.  However, respondents did concede that government participation would be helpful in a 
number of ways, including access to feedstock, development of legislation, and advice on trade 
agreements.  Some participants went so far as to question government motivation and 
competence in such an enterprise.   
“You have to use measurables to determine whether it's [CE incubator] successful or not. The 
measurables that are important in large part for something like this oftentimes don't align with 
what would be considered expedient politically, and so, you have a disconnect with 
operationalizing something like this when the government is heavily involved in it.” – Manager 
of a local NGO organization. 
 
Table 8 summarizes overall, the response from entrepreneurs, one of distrust of 
government as seen by the desire for little participation and the questioning of capacity and 
motives.  The financial institution indicated that government support would be useful in 
underwriting loans and assisting in mitigating risk in such an emerging industry while the 
academic researcher interviewed did not express an opinion on government participation. 
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Table 8 - Summarizes the number of times interviewees discuss government participation during the interview.  The information 
presented gives the total number of times government participation discussed followed by an average for each participating 
group so that comparisons can be made across actors.   In addition, Trust is included as this further demonstrates the actors’ 





















1 1 0 0 0 0 
NGO (2) 6 3 0.5 2 1 0.5 
Government 
Agencies (5) 
13 2.6 0.6 2 0 0 
Academic 
Researcher (1) 
0 0 0 0 0 0 
Entrepreneurs 
(5) 
7 1.4 0 1.2 5 1 
Information inputs are those communication drivers that impact the formation and 
operation of the potential network and was identified as a major theme required by the network.   
Within the information input group, education was identified as a necessity to improve support 
for the activities of the CE incubator and to build capacity.  This is particularly important to 
organizations within the banking sector who provide financial support to an emerging sector. 
“Very often, the easiest option would be for the banks to say - we don't know enough about the 
sector or we don't know enough about the product.  I think this is where the entrepreneurs need 
to leverage the TTMA (Trinidad and Tobago Manufacturer’s Association) or a similar entity to 
provide some level of education to the banks. To show from an operational perspective, the 
business operates, to show how they generate revenue, what the inputs and outputs are, what 
margins are generated and how they would be able to repay financiers or providers of capital.” 
– A senior manager at a commercial financial institution. 
 
Education within the network requires two-way communication to at minimum build 
awareness and support.  Entrepreneurs educate financers and other support entities about the 
industry and the business model, but also support entities such as the bankers will educate 
entrepreneurs about requirements for support.   
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Table 9 - Number of times Information Input is identified as a consideration by interviewees.   The average number of responses 
per sub-categories of information inputs provided.  Summarizes the number of times interviewees discuss government 
participation during the interview.  The information presented gives the total number of times government participation 
discussed followed by an average for each participating group so that comparisons can be made across actors.   In addition, 













Prevalence of Rumor 
in Information  
Entrepreneur 30 6 1.2 1.2 6 
Government 
Agency 
27 5.4 1.8 0.6 0 
NGO 11 5.5 2 1.5 5 
Academic 
Researcher 
7 7 1 1 0 
Financial 
Institution 
10 10 10 0 0 
Table 9 summarizes the frequency with which respondents mention various information 
inputs.  Interestingly, it seems that rumor formed a major part of the information ‘pool’ used by 
entrepreneurs and NGOs possibly indicating a substantial informal information network at work. 
A question that arises from the need for network education is the understanding of 
circular economy.  Beyond the term itself, is there an awareness of the various strategies 
associated with CE.   While not as prevalent, there is awareness across all actors about some of 
the strategies associated with CE.  This concept required further examination and as the research 
instrument did not question the understanding of CE.  It was determined that the identification of 
various CE strategies would be useful in ascertaining the level of familiarity with CE and its 
strategies.   
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Landfilling Industrial symbiosis 
Recycling  Reduce 
 Reuse 
 Value-added product 
development  
 
As identified in Table 10 above, waste management strategies that have been used 
extensively such as landfilling or recycling waste have been identified as traditional even though 
recycling is a component of CE strategies. Reduce, reuse, and using waste as an input (value-
added products) have been identified as CE strategies.  The result is a series of tables and charts 
that highlight the frequency with which respondents mention various strategies.     
 
 
Figure 8 – Identification of CE strategies – the figure displays the frequency with which respondents mention strategies related 
to traditional waste management verses circular economy strategies . 
Overall, based on actors mentioned traditional waste management strategies at a higher 
frequency than CE strategies (Figure 8 - 121 vs, 44).  This may indicate a greater familiarity with 
traditional strategies for waste management.  
121
44
Traditional Circular Economy Strategies
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Figure 9 – Identification of waste management strategy organized by strategic choice.  The bar displays the frequency with which 
responses were coded for each identified strategy.  
More specifically, frequent mentions of recycling (Figure 9) may indicate an understanding of its 
role in waste management.  In considering the use of waste as an input into products, there is a 
greater awareness of this opportunity versus other CE strategies.   
 
Figure 10 - Awareness of circular economy strategies, by actor type, measure by the number of coded responses.  Comparison of 
tradition strategies such as landfilling and recycling vs. industrial symbiosis, reduce, reuse strategies, and development of 
products from waste materials. 
 With a closer examination, for each actor group, we have an indication of the level of 































Traditional vs. Circular Economy Strategies
Traditional Strategies Circular Economy Strategies
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interviewed in academia and financial institutions, they are aware or at least mention or discuss 
CE related strategies with more frequency in comparison to other management strategies.  
Traditional approached to waste management dominated the discussion of NGOs, Government 
agencies, and entrepreneurs showing a greater familiarity with landfilling and recycling.    
 
Figure 11 - Normalized responses (number of times mentioned / number of respondents in a category) for waste management 
strategies categorized by actors interviewed. 
Awareness of CE seems to be limited primarily to larger strategies such as industrial 
symbiosis and the creation of value-added products with little or no discussion about more 
immediate strategies such as reduction or reuse of materials and products.  In comparing the 
awareness of each strategy across all actors (Figure 11), we get an understanding of the level of 
awareness each actor has in respect to a particular management approach.  Management 
strategies of landfilling and recycling were most frequently discussed primarily amongst 
government agencies (Figure 12).   
 





What is evident from the data is the lack of desire for heavy government involvement.   
All interview participants, apart from the one academic (who did not express an opinion), held 
the opinion that the government should participate and identified them as a stakeholder.  The 
majority believed that government participation should be limited at most except for a couple of 
instances with one NGO and the Green Fund (a funding provider focused on green projects).  
The Green Fund voiced concern for the duplication of effort and thought some oversight was 
required to avoid this duplication.  
“For example, the EMA's current iCare recycling project is a grant of over TT$ 107 
million1, so, what does that mean to smaller community organizations coming in afterward that 
proposes a project that the green fund can't say is a duplication of the EMA's activities.  That 
becomes a challenge. Organizations are then challenged to how they fit within that framework.” 
– Manager at a government agency    
                                                     
1 At an exchange rate of TT$6.77 to US$1 this is equivalent to US$15.8 million 
Figure 12 - Normalized scores for waste management strategies categorized by individual strategy.  Measured by frequency of 
strategy being discussed. 
 
Figure 13 - Normalized scores for waste management strategies categorized by individual strategy.  Measured by frequency of 
strategy being discussed. 
 
Figure 14 - Normalized scores for waste management strategies categorized by individual strategy.  Measured by frequency of 
strategy being discussed. 
 
Figure 15 - Normalized scores for waste management strategies categorized by individual strategy.  Measured by frequency of 
strategy being discussed. 
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It is interesting to note that most government agencies interviewed also agreed that the 
government should have a limited role, preferring to hold a consulting and advisory role.  This 
preference amongst government stakeholders is well aligned to the preferences of entrepreneurs 
who also prefer a limited role on the part of the government.  Some entrepreneurs going so far as 
to express a lack of trust in the government (Table 8).  These preferences suggest that the 
government not be chosen as the champion for CE development in Trinidad and Tobago.   
The importance of information inputs into network development cannot be understated.  
Information inputs are essential for entrepreneurs to connect the dots (Gray, Kirkwood, 
Monahan, & Etemaddar, 2019; Ozgen & Baron, 2007; Patzelt & Shepherd, 2011) and make 
strategic decisions (Child, 1972) that can lead to the availability of opportunities within the 
sustainability realm. Recycling seems to be a concept most widely understood, with less 
awareness of CE strategies that can be used to manage waste on the island (Figure 10) or spark 
new business opportunities.   
According to interview participants, the need for network education is required to provide 
a supportive framework.  The awareness of various CE strategies is evident (Figures 9 – 12), but 
that awareness seems limited to the production of products from waste materials and post-
consumer products (Figure 10).   
There was limited discussion external to government agencies associated with waste 
management about strategies related to the reduction or reuse of materials, leading to a question 
about the readiness of the economy for a champion to educate and promote the concept of CE.  
This may even be considered an opportunity to develop recycling systems to support circularity 
as little to no recycling occurs on the island. 
Page | 90  
 
“When you say recycling, you mean the exportation of the plastic because we don't recycle in 
Trinidad.   There’s a collection, baling and transshipment, we don't really recycle here, we are 
brokers.” - Manager at a government agency  
 
Of the entities exploring the CE solution space, two are in the planning stage for the 
implementation of the CE solutions they have identified, both entities are involved in collection 
and recycling of plastics and other materials and are financed primarily from outside the 
Caribbean region.  A third actor (an NGO) is aware of a potential product but needs a supportive 
network such as a CE incubator to explore the concept and market potential for the idea.  All 
participants in the study expressed an interest in participating in CE activities at some level, with 
one entrepreneur expressing the need for support and guidance. 
“We would really need someone to champion the project and lead us, to guide us through. We 
wouldn't have a clue how to start, someone has to look at all waste and see what can be useful”. 
– Co-founder entrepreneurial enterprise 
 
Considering the lack of desire for government having significant participation in a CE 
incubator, a practical approach for the development of sustainable entrepreneurs and CE locally 
would be the development of a CE incubator under the auspices of a business association; in the 
case of T&T - the TTMA (see Table 11 for description).  The business association can take on 
the role of a trusted third party (Siskos & Van Wassenhove, 2017), quickly promoting and 
developing trust among the actors.  The CE incubator can then act as champion bridging gaps in 
trust, information sharing, and communication.   
Accessing networks that can provide information inputs (knowledge) and is a key 
component of the development of IS (M. R. Chertow, 2007; Mileva-Boshkoska et al., 2018; 
Mirata & Emtairah, 2005).  These networks can allow for the recognition of kernels of IS activity 
(Marian Chertow & Ehrenfeld, 2012) and expand the potential for both IS and CE solution 
opportunities to be recognized (Amankwah-Amoah et al., 2018; Arenius & Clercq, 2005).  The 
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incubator can actively search for new industries for waste streams generated locally (Aid et al., 
2017; Bellantuono et al., 2017; ElMassah, 2018). 
 
Table 11 – Summary proposal for actor roles in circular economy (CE) development centered on entrepreneurship, accounting 
for lack of trust in government.  IS = industrial symbiosis 
Actor 








• “Trusted” 3rd party 
• Lobby government 






• Matching  
• Data collection • Industry development 
Government • Support 
• Advisory Role 








• Enforcement of 
regulation and 
policies 
• Trust issues 
• Diversion from landfill 
• Economic development 
• Diversification  
CE Incubator • Data acquisition 
• Recruitment of 
entrepreneurs 
• CE opportunity 
identification  
• Identification 
of IS and/or CE 
opportunities 
• Support and 
develop CE 
entrepreneurs 
• Data Access  • Diversification 
• Expanded CE activity 
• Development of EIP 
• Investment opportunity 
Entrepreneurs • Green champions  
 
• Identification 
of IS and/or CE 
opportunities 
• Trust issues 
• Information 
Inputs 
• Revenue streams 
• Product development 
Banking Sector • Financial instruments 
for CE focused projects 
•  • Risk exposure • New market 
opportunities 
Academia • Uncovering industrial 
symbiosis activity 
• Data development 
• Research 
publication  




• Sector development 
 




• Funding for 
activities 
• Improved environmental 
awareness 
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Gray et al., 2019, call for the use of a more businesslike approach to challenges such as 
climate change.  The development of a CE incubator may be the needed tool; providing guidance 
on the development and exploitation of opportunities identified.   
The development of the specialized incubator can be viewed as an important stepping 
stone in the promotion of CE activity in a local economy, providing a link between what can be 
viewed as green niche entrepreneurs and green policy entrepreneurs (legislators) (Gliedt et al., 
2018).  The incubator as champion can aid innovators in their challenge of scaling up operations 
and lobbying policy actors on their behalf.   
As discussed previously, CE has developed in a variety of ways to match the 
environment in which it is being applied, primarily with a top-down or bottom-up approach 
depending on the political and economic structure of the country.   The top-down approach to CE 
development is prevalent in China (McDowall et al., 2017; Yuan et al., 2008) with a strong 
control of a planned economy, where in Europe with a more open economy a bottom-up 
approach (McDowall et al., 2017) has evolved with firms responding to stimuli in the 
environment (for example environmental legislation).  For an economy where neither of these 
approaches is available, the use of a CE incubator may be possible but will require a design to 
account for social context as seen in T&T.  Sustainable business models link the environmentally 
focused innovation with economic performance (Boons & Wagner, 2009) and as such the 
development of a CE focused incubator can provide the needed support for the development of 
such business models.  The challenge being the development of the supportive environment that 
nurtures and grows these business model experiments (McDowall et al., 2017).  Several 
networks will exist that already support business activity as seen by the existence of various 
business associations.  The obstacles facing the development of the CE incubator network need 
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to be overcome if the recognition of instances of IS and the eventual development of CE is to 
occur.   
While several themes are identified (Figure 7), two primary results are highlighted.  The 
lack of confidence in government, as well as the need for better information inputs, present 
challenges to the formation of a localized CE incubator network.   
Where there is a lack of support or trust in government, and no private sector actor 
innovating for CE, a specialized incubator developed within a well-established business 
association can provide a mechanism for the transformation of the economy away from a linear 
to circular consumption pattern.  Respondents in this study identify a local manufacturer 
association as an organization with broad appeal, and the ability to garner the respect required of 
a ‘trusted third-party’ (Siskos & Van Wassenhove, 2017).  A CE incubator originating from the 
association would be plugged into networks to spark the communication and information 
interactions necessary for IS and CE exchanges to begin.  One of the networks that the incubator 
should be plugged in to is higher education (Mendoza, Gallego-Schmid, & Azapagic, 2019).  
Researchers can play an important support role in the development and transfer of knowledge, 
the identification of ‘kernel’ of IS (M. R. Chertow, 2007) and working towards sharing that 
information in a transparent and accessible way that can be consumed by non-academic readers.  
Apart from broad industry support, the CE incubator would be able to gain support from 
government agencies (in their desired support role) and financial institutions both of whom see 
the association as a major stakeholder.  This approach suggests that governments while having a 
role to play in the development of CE should take active steps to build capacity (Chiappetta 
Jabbour et al., 2019) locally. 
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Conclusions 
Overall, the need for a coordinating entity to champion CE is obvious and a network to 
support its activities is essential.  The proposed CE incubator can have an expanded role that 
includes the education the network actors at all levels, bridging the gap between entrepreneurs 
and firms and government, its ministries and agencies; developing network paths and connection 
(Borgatti & Halgin, 2011).  
Networks have the propensity to be homophilous, to have a greater probability of having 
stronger ties with people who resemble themselves (Hernandez & Menon, 2019; Lazarsfeld & 
Merton, 1954; McPherson, Smith-Lovin, & Cook, 2001).  This would imply that initially, the 
development of the network should focus common traits.  While the connections within the 
incubator network will take time to evolve (Borgatti & Halgin, 2011; Díez-Vial & Montoro-
Sánchez, 2018), the inputs can be put in place to encourage the interconnectedness sought.  Over 
time, external connections (dissimilar entities) should be introduced to expand the information 
available to the network (Borgatti & Halgin, 2011; Montoro-Sanchez, Diez-Vial, & Belso-
Martinez, 2018) which can result in additional opportunities for CE as entrepreneurs and firms 
have a wider awareness and perception.  The CE incubator can facilitate the interaction and 
personal relationships that have been identified as required (Ashton, 2008; Baas & Boons, 2004; 
Jacobsen & Anderberg, 2005; Mortensen & Kørnøv, 2019).  
The identification of obstacles and motivations from the perspective of the participant is 
an important step in gaining support for the development of a CE incubator in a developing 
environment.   An understanding of obstacles allows planners or champions to seek solutions 
that will bring actors to the table and where exchanges can occur as well as CE opportunities to 
be identified.   
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Developing economies like Trinidad and Tobago with a robust industrial sector can forgo 
some of the challenges associated with the transition from linear to circular economies by 
including IS networks as part of its development strategies, and in this way leapfrog past much 
of the negative impacts associated with economic development.   While there is a level of 
distrust in the ability of government to lead the transition, third-party organizations such as a 
business or manufacturer’s association are well poised to champion the transition and identify 
opportunities for its members or other entrepreneurs through the support and development of a 
focused incubator such as those seen in Sweden (Aid et al., 2017) or proposed as part of the EIP 
in Egypt (ElMassah, 2018).  Eventually, with lobbying efforts to the government, a supportive 
legislative framework would need to be developed in line with the recommendations of Lieder 
and Rashid (2016). 
The CE incubator, in general, will provide a formal mechanism for partnerships between 
firms and external entities interested in exploring the opportunities associated with both IS and 
CE.  The CE incubator can expand and strengthen the occurrence of circular economy activity 
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Chapter 5 – Conclusions, Recommendations, and Further Work 
 
 
Conclusions and Recommendations 
The purpose of this dissertation was the development of a mechanism for the 
identification and promotion of circular economy (CE) opportunities in a developing economy 
that had neither industry champions nor government directive of the economy to promote the 
development of CE.  In the introduction, it is argued that the development of CE activity could 
be done by sustainable entrepreneurs who found relevant opportunities (Boons et al., 2013; Perey 
et al., 2018). These sustainable entrepreneurs can be assisted by the nurturing environment of the 
CE incubator where a systematic business approach to opportunity identification and analysis 
could be applied (Gray et al., 2019).   
Chapter 2 sought to answer the question of: 
What should the proposed CE incubator look like?  
• How can the traditional incubator be modified to support the development of 
sustainable entrepreneurs and by extension, CE activity?   
• Who are the actors and what roles do they fill? 
 
To address the lack of a CE champion, as well as challenges with information, a modification of 
the traditional business incubator is recommended (Chapter 2).  Belz and Binder (2015), 
describe a convergent process for sustainable entrepreneurship, which recognizes dual pathways 
to the development of a sustainable entrepreneurial activity which includes a triple bottom line.  
Using this model, the role of the traditional incubator is expanded (Figure 3 - pg. 32) so that data 
not generally available to the traditional entrepreneur is made available as well as help 
identifying CE opportunities.   
With the importance of information to the identification of IS and CE opportunities (Gray 
et al., 2019; Mileva-Boshkoska et al., 2018; Perey et al., 2018), the CE incubator will need to 
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actively engage local actors and develop data resources not readily available via other 
mechanisms.  Using the established networks of the business association under which it is 
created and seeking the support of academia, the CE incubator will become a repository of 
environmentally relevant data and information.   
Banks et al., (2017) identified the challenge of ensuring an adequate supply of tenants for 
specialized incubator such as the one proposed in this dissertation.  Following that 
recommendation, the CE incubator should ensure that there is a close relationship with higher 
education institutions (Mendoza et al., 2019). This will ensure that the CE incubator has access 
to developing concepts, and talented researchers and students that can transfer knowledge to the 
incubator and its tenants. However, two specific challenges were highlighted connected to access 
and development of data and the precursor antecedents to network formation for a CE incubator. 
Chapter 3 sought to answer the first of these two challenges: 
Can material flow analysis (MFA) support strategic decisions necessary for the 
development of circular economy (CE) in a developing country? 
• How can the MFA be constructed in an environment with poor production data 
and rich trade and waste data? 
• How can the data from such an MFA be used to inform strategic decisions related 
to CE strategies? 
 
This second research question was directed at the absence of adequate data or information 
needed by entrepreneurs to make connections and find opportunities as well as competitive 
advantages (Kazanjian et al., 2002; Leonard-Barton, 1995; Vogel, 2017).  Chapter 3 explores the 
challenges faced by developing economies in the development of MFA, as the paucity of 
production data is problematic to its creation, particularly in a developing economy where data 
tends to be collected primarily for products and activities linked to GDP (Table 2, pg. 50).   
The availability of rich trade data and waste characterization, (for plastic material) was 
used to illustrate an appropriate methodology by which a material flow analysis (MFA) (Figure 
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5, pg. 59) could be conducted.  The chapter continues by demonstrating how the resulting data 
could be used in seeking CE type interventions locally, moving towards the closure of material 
loops (plastic) in T&T.  The chapter recommends what I believe are appropriate strategies for the 
management of plastic waste considering the level of recycling and sustainability in T&T.  
Specifically, the reuse of PET and the inclusion of plastics as an alternative fuel in cement 
production could result in a possible 48% reduction in plastic sent to local landfills.  Chapter 3 
demonstrated the ability to acquire MFA data via non-traditional information sources and that 
this data can be leveraged by a developing economy to improve its CE performance. 
 Chapter 4 discussed the final identified challenge highlighted in Chapter 2 related to the 
antecedents to participation in a CE incubator network.   The challenges related to the creation of 
a supported CE incubator network were addressed with a research question:  
What are the challenges and motivations for participation in a CE incubator by actors? 
• Are there related challenges across actors that need to be addressed? 
• How can obstacles be overcome to promote network formation? 
 
This  final research question addresses the gap that describes IS network formation after 
recognition of opportunity occurs (Mileva-Boshkoska et al., 2018) is related to the antecedents to 
network formation for a CE incubator.    
The interviews conducted in T&T over a 1-month period in December 2018 provided a 
glimpse into several challenges faced by local actors with respect to the development of the 
network.   Specifically, the lack of local CE (or IS) champions and concerns related to what can 
be described as uneasiness with government participation lead to no action toward CE.   What 
was noted is that actors across the system, including in the government, desired limited levels of 
government participation.   
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Considering the role that government is required to play in the development of CE within 
an environment this is a dissonance that must be overcome.  This observation based on the 
interviews led to the recommendation of a CE incubator being created under the auspices of a 
local business association.  This action will communicate to all actors that the business 
community is ready to address challenges associated with CE implementation locally and the 
association (through the CE incubator) is prepared to champion CE and will also provide 
government agencies with a private sector partner that champions CE development.    
Access to the correct network can greatly enhance access to drivers (Mileva-Boshkoska 
et al., 2018; Tudor et al., 2006) needed for CE development, with the CE incubator creating a 
nexus for exchange an development that includes, the education of network members and the 
general public, access to financial instruments through support of the banking sector, and a 
public-private partnership that facilitates access to feedstock and other industrial waste streams.   
 
Chapters 2-4 consider research questions designed to answer the problem articulated in 
Chapter 1 of this dissertation:   
In the absence of a culture of CE as seen with either strong control of the economy 
(China) or with industrial champions (Europe), how can CE be introduced and/or 
developed?   
CE can be developed via the use of a specialized CE incubator.  This is an important conclusion 
because many environments where CE champions (government or private industry) do not exist 
can benefit from the implantation of CE strategies. The CE incubator can act as a nexus between 
green niche actors (entrepreneurs) to green regime actors (Gliedt et al., 2018) so that CE and 
supportive policy can be developed over time.   
Existing business networks (business associations) can be organized and leveraged to 
explore a perspective on waste that may not have been explored previously in the local economy.  
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CE opportunities in this way can be identified and a support network for emerging opportunities 
and entrepreneurs are developed.  The CE incubator takes on the role of driver, educating various 
local actors, lobbying government for legislative reform that is supportive, and diversifying a 
local economy; as a champion for CE accelerating its development. 
From a global perspective, this type of research and development is gaining recognition, 
the European Commission (EC) in 2018 held a conference on the challenges faced by islands in 
an era of circular economy and concluded that holistic CE plans should be developed for each 
island, accounting for the insular nature of islands, and the CE be developed and implemented at 
an island level and that synergy be built across a network of islands.  The conclusions of the 
conference also support capacity building and the raising of awareness, with the development of 
financial instruments necessary for the development of CE.  Another noteworthy conclusion is 
the call for the empowerment of the private sector and the enhancement of public-private 
partnerships (PPPs) aimed at CE initiatives.  CE as a business model was identified as a driver of 
economic development and the creation of green jobs and promoting a paradigm change in how 
solid waste management is viewed; promoting the 3Rs and alternatives to landfilling of 
municipal solid waste. 
 A conclusion by the EC conference was that islands should band together to develop 
regional CE opportunities.  The proposed CE incubator would be an excellent start point for such 
an activity as it can build appropriately developed CE opportunities into financially viable 










This dissertation was not without its limitations.  Based on this research, it would be 
recommended that the use of MFA be expanded in developing economies to address some of the 
unique challenged faced in the environments.  This MFA as discussed in Chapter 3 was 
performed in a single island economy, one that includes a level of industrialization, the 
replication of the process in other island environments and even larger developing countries 
could lead to generalizability of the methodology. In addition, MFAs for various materials that 
are imported can lead to the identification of opportunities related to their flow and accumulation 
at various point in the economy.  
 The development of grounded theory requires longitudinal observation so that theory can 
be reliably built, as such, an expanded study in T&T is recommended. Specifically, I would call 
for the addition of more participants as this would greatly add to the reliability of the emerging 
themes and an establishment of theory related to CE implementation in environments lacking CE 
champions.  Further to this, the development of further empirical studies using quantitative 
instruments such as surveys to further expand the understanding of antecedents to network 
formation would be an excellent opportunity to delve into what factors play a role as an 
environment approaches the point of awareness of CE and individuals or organizations to make 
the decision to champion its development.   
Based on this dissertation, further research is recommended in the development of an 
appropriate mechanism for CE related business networks and business experiments. While this 
study has promoted the use of a CE incubator, more research is required to examine potential 
business models that can be profitably implemented in developing environments where 
information and opportunity may not be apparent.  Related to this would be measuring the effect 
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that the CE incubator and CE strategies can have on the local environment.  The examination of 
these business model experiments in the relatively geographic insular island framework can 
allow for a more direct analysis that is not complicated by the more complex realities of 
advanced economies.  
The exploration of incubator models best suited to the development of IS and CE 
opportunities both on and off EIPs can accelerate the development of and capacity for circular 
behaviors and shed light on if EIPs are an effective mechanism for IS and CE in developing 
economies.   
Developing economies can face unique challenges and as such the approach to CE 
development should differ from developed economies (Cecchin, Lamour, Joseph Maks Davis, & 
Jácome Polit, 2019) Consideration of the impact developing economies can have on network 
development can be further developed especially related to cultural impacts can be considered as 
smaller economic regions which may  be dominated by a few large and powerful firms and/or 
families (Demirbag & Yaprak, 2015; Khan, Muttakin, & Siddiqui, 2015).  
Further consideration of processes that can be used to transition local economies from 
linear to circular in nature is needed, especially processes that help SMEs and startups participate 
profitably in the transition.  I have identified several stakeholders whose participation will help 
the CE incubator and its startups.  Further research on the impact of the adoption of technology 
in developing economies and its impact digital entrepreneurship as another means of 
collaboration within the CE incubator and positioning resident companies to participate in CE 
regionally (CARICOM) or globally.   
The possible opportunities related to the practical implementation of the CE incubator 
both in a local and regional context warrants additional exploration and research.   In particular, 
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there is space to conduct research addressing challenges of information asymmetry in a local and 
regional context.  This research can inform the development of a regional CE network and would 
advance the implementation of CE amongst within developing regions such as CARICOM.  
Addressing this information gap can also be impacted by local and regional actors and 
considerations for the best approach to be used in gathering information (individually or 
together) will impact the information provided.  A mixed approach where possible should be 
implemented with some reporting required by government agencies and captured through regular 
reporting to the government statistical offices, but also open forums and focus groups supported 
by the local business association would be useful for the collection of generalized information 
and opinions with individuals surveys and interviews used to collect more detailed data where 
appropriate.    
Opportunities for the development of circular economy are not limited to advanced 
economies.   The environmental and economic benefits can be exploited within the developing 
world.  The use of creative solutions such as a CE incubator to promote the development of 
sustainable entrepreneurship in local environments can promote diversification, employment, 
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Document 1 – Sub-categorization of data for MFA construction 
 
The development of the MFA (Chapter 3) required the estimation of the final use of 
precursor plastic materials and a categorization into durable and non-durable good for flow to 
waste disposal management services.  The categorization was also important in the process of 
establishing flows to the consumption phase.  This enabled the mass-balance calculations needed 
to complete the MFA and the compositions of materials flowing to other phases. 
The inflow of raw materials (polymers and resins) from beyond the system boundary 
(imports) were mapped to the manufacturing phase of the MFA as direct material inputs and 
categorized into the possible durable or non-durable products based on the nature of the potential 
























Table 12 - Sample of raw material flows to manufacturing phase categorized into durable or non-durable products.  Adapted 
from (British Plastics Federation; Central Statistical Office of Trinidad and Tobago, 2016; Chemical Retrieval on the Web  
(CROW); Government of Trinidad and Tobago, 2007; Trinidad and Tobago Manufacturers Association, 2018).  (HS = 
harmonized system) 







'3901.10.00' Polymers of ethylene Polyethylene 
gravity < 0.94 
                     
2,604  
Bottles, disposable bags Non-
durable 
'3907.60.00' Polyacetals, other 
polyethers and 
epoxide resins etc.  
Poly (ethylene 
terephthalate) 




'3903.11.00' Polymers of styrene Polystyrene: 
Expansible 
                     
1,922  
Meat trays, egg cartons 




'3901.20.00' Polymers of ethylene Polyethylene 
gravity => 0.94 
                     
1,585  




'3902.10.00' Polymers of propylene Polypropylene                      
1,138  




'3904.10.00' Polymers of vinyl 
chloride etc.  
Vinyl Chloride                      
8,094  
Various pipes, window 
frames, flooring, wire, 
and cable insulations.  
Durable 
'3907.10.00' Polyacetals, other 
polyethers and 
epoxide resins etc.  




machinery parts  
Durable 
'3906.90.00' Acrylic polymers other                      
1,995  
Coatings and paints  Durable 
'3907.50.00' Polyacetals, other 
polyethers and 
epoxide resins etc.  
Alkyd resins                      
1,086  
Heat Resistant paints Durable 
'3907.99.00' Polyacetals, other 
polyethers and 
epoxide resins etc.  
Other Polyesters: 
Other 




Imported finished products was assigned to the consumption phase for market use as no 
further processing was needed.  These products were also categorized into durable or non-
durable products, a sample of which is seen in Table 12.   
The consumption phase represents a use phase where the market will consume the 
available plastic products.  It was essential to divide the inputs (locally manufactured products, 
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Table 12; imported products, Table 13) into durable and non-durable products.  For the purposes 
of this study, durable products are products with lifespans exceeding 1 year from date of 
manufacture or importation, while non-durable products are those consumed and disposed of 
after one use or within one year of manufacture or importation. 
 
Table 13 - Sample of finished plastic products inflow to the consumption phase from direct imports and categorized into durable 
or non-durable products. Adapted from (Central Statistical Office of Trinidad and Tobago, 2016; Government of Trinidad and 
Tobago, 2007).  (HS = harmonized system) 






'3923.30.10' Bottles 8,324 Non-
durable 
'3921.90.00' Baths, shower-baths, sinks etc.  3,968 Durable 
'3923.50.10' Lids and caps 2,643 Non-
durable 
'3923.29.00' Sacks and bags …of other plastics 1,971 Non-
durable 
'3923.21.00' Sacks and bags … of polymers of ethylene 1,549 Non-
durable 
'3924.10.10' Tableware - cups, knives, forks, plates, spoons 1,170 Non-
durable 
'3925.90.10' Structural elements used in ceilings or roofs 1,113 Durable 
'3917.40.00' Floor coverings of plastics, whether or not self- 
adhesive, in rolls or in the form of tiles; wall or 
ceiling coverings 
802 Durable 
'3925.20.00' Doors, windows and their frames and thresholds 
for doors 
353 Durable 
'3918.10.10' Floor covering of polymers of vinyl chloride 342 Durable 
'3917.32.10' Electrical conduits and other piping of PVC 296 Durable 
'3917.23.00' Rigid tubes, pipes, and hoses of polymers of vinyl 
chloride 
268 Durable 
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Appendix 2 
Document 1 - Consent Form 
 
Challenges and Motives for Circular Economy Incubator adoption: A Trinidad and Tobago Perspective is a research 
study using semi-structured interviews to gather empirical data on the underlying challenges and motivations for 
participation in a network focused on developing a circular economy (CE) incubator.  
As a participant, you would be asked to respond to open-ended questions about circular economy, recycling, 
opportunity recognition, and barriers to action.  Your time commitment would be no greater than 90 minutes at a 
time, convenient to you.  Interviews can be conducted either at your office or at the conference facilities at the 
COSTAATT campus closest to you. Interviews will be scheduled between December 14th, 2018 and January 10th, 
2019.   
 
Your participation in this study is entirely voluntary and can be discontinued at any point before or during the 
interview with no penalties or loss of benefits associated with this decision.  No identifying information will not be 
collected or stored, and the only data reported will be generalized to ensure your anonymity and confidentiality.   
 
The benefits of this study include a contribution to circular economy literature about the antecedents to network 
formation related to circular economy incubators.  It is also envisioned that the research will lead to a modified 
incubator model that focuses on identification and development of sustainable opportunities in the local 
environment, promoting job creation, economic resilience and growth, as well as the identification of entrepreneurial 
opportunities and improved environmental sustainability performance.  Participation in the interview process may 

























With your signature below, you acknowledge your 
understanding of the information as explained and 
your consent to participate in the semi structured 







With your signature below, you acknowledge your 
understanding of the information as explained and 
your consent to participate in the semi structured 
interview process as outlined above.  In addition, 
you provide permission for quotations made during 







If there are questions about your rights or if there is an adverse event you may contact the Human Subjects Research 




Human Subjects Research Office 
Email:  hmfsrs@rit.edu 






If there are questions about your rights or if there is an adverse event you may contact the Human Subjects Research 




Human Subjects Research Office 
Email:  hmfsrs@rit.edu 
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Document 2 – Invitation Letter 
 
RIT     Rochester Institute of Technology 
        Golisano Institute for Sustainability 
        111 Lomb Memorial Drive 
        Rochester, New York 14623-5608 
                                                                      585-475-7363 
Sherwyn Millette 
PhD. Sustainability – Candidate 
Golisano Institute of Sustainability 
Rochester Institute of Technology (RIT) 
111 Lomb Memorial Drive 





<Current Date>  
 
<Participant name>  
 
My name is Sherwyn Millette a PhD. in Sustainability candidate at the Rochester Institute of Technology’s Golisano 
Institute for Sustainability in Rochester New York.  As part of my dissertation, I am exploring the challenges and 
motivations of community actors in the development of, and participation in a circular economy focused business 
incubator in Trinidad and Tobago.  The study seeks to gather empirical data on the underlying challenges and 
motivations for participation in a network focused on developing a circular economy (CE) incubator.  
 
After the initial analysis of interviews conducted in Trinidad in during the period December 2018, and January 2019, 
it is necessary to get some additional insight into the motivations and obstacles to participation in a circular 
economy focused incubator from the local government level.  As a potential actor and influencer, your insight can 
prove valuable into the development of environmentally sustainable business solutions allowing for the development 
of a working model for the identification and exploitation of local opportunities in waste and recycling. 
 
If possible, I would appreciate if you can complete the document with questions attached, which should not take 
much of your time.   The questions explore your informed views on what challenges and motivations your 
organization would have related to the development and participation in a network focused on supporting the 
identification and development of environmentally sustainable business opportunities via a focused incubator.   
 
Please find included with this invitation: 
1. a study abstract which outlines the conceptual framework being explored.   
2. questions 
If you have any questions, please feel free to contact me at contact information provided above. 
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Document 3 – Study Abstract 
 
Abstract: Challenges and Motives for Circular Economy Incubator adoption. A Trinidad and 
Tobago Perspective 
Background: The circular economy is an economic alternative in which maximum utility is extracted 
from resources, promoting the reduction, reuse, and ultimate recycling of materials.  Business incubators 
are well established mechanisms for the development of entrepreneurial activity within an economy, 
assisting entrepreneurs to create value. The development of environmentally sustainable entrepreneurship 
via a focused incubator can assist entrepreneurs in Trinidad and Tobago to identify and develop business 
opportunities that promote sustainability without compromising wealth creation. 
Research:  A key requirement of the incubator is the development of a robust network of local actors that 
contribute to the development of the network of stakeholders.   This study seeks to gather empirical data 
on the challenges and motivations various stakeholders have to participation in a network focused on 
supporting a circular economy incubator and the development of environmentally sustainable 














Circular economy literature has repeatedly highlighted the importance of stakeholder engagement in its 
success, but empirical evidence from the stakeholder perspective is missing. The evolving recycling 
industry in Trinidad and Tobago provides an opportunity to contribute to this gap while examining an 
important mechanism for circular economy development in an emerging economy.  The study will consist 
of face to face, semi-structured interviews with relevant organizations that can influence network 
development.  Participants will be encouraged to discuss their views on barriers and benefits of 
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Document 4 – Sample Research Instrument used  
 
Research Instrument  
 
Background – The dissertation explores the intersection of three areas of study: circular economy (CE), 
entrepreneurship development, and environmental sustainability.  Circular economy (CE) includes initiatives that 
reduce the waste a system produces and improves resource efficiency avoiding waste sent for disposal. Sustainable 
entrepreneurship focuses on triple bottom-line considerations of profit, social, and environmental concerns.   
The dissertation examines an economy’s ability to generate environmentally sustainable business opportunities and 
entrepreneurial activity through the use a CE focused incubator.  While the CE incubator functions much like a 
typical incubator, it seeks to emulate industrial symbiosis networks.  Opportunity recognition is dependent upon 
access to information, as such the CE incubator is a repository of environmental based data and can assist 
entrepreneurs or businesses to identify opportunities linked to environmental and waste challenges.  The envisioned 
outcome of the dissertation is the: 
1. Identification of environmentally focused business opportunities 
2. Development of sustainable entrepreneurs 
3. Development of opportunities of corporate social responsibility initiatives 
4. Development of circularity in the economy (and businesses) 
5. Improvement of environmental sustainability performance  
6. Development of solutions to industrial waste challenges 
The focus of the study based in Trinidad and Tobago (T&T) is to: 
• Gather empirical data on the underlying challenges and motivations for participation in a network 
focused on developing a CE incubator.  
To ensure that the research is manageable within the timeframe available, the study will focus exclusively on actors 
and stakeholders in the T&T’s plastic industry.   
It is recognized that each actor in a potential CE incubator will have varying motivations and challenges about their 
participation in a network of this kind.  The study seeks to interview industrial actors involved in the collection and 
recycling of plastic waste as well as consumers of raw plastic.  Stakeholders from government and the banking 
sector will also be interviewed to better understand the fundamental forces needed to develop close network ties and 
grow the plastic recycling industry locally.    Face to face interviews will be scheduled for no more than 90 mins 
between December 14th, 2018 and January 10th, 2019. 
Agencies and actors sought for interviews is outlined below with a sample of the questions to be asked. 
 
Entrepreneur  
Entrepreneur development is viewed as a major goal for economic development and diversification.  As such 
through agencies such as NEDCO and programs like IBIS, the government seeks to promote entrepreneurial activity 
locally.  I am seeking your input on a more focused incubator.  
Primary Questions: 
1. What would be challenges for participating in in an incubator that promotes the use of waste exchanges 
(CE incubator)?   
a. How would you overcome these challenges? 
2. What are different roles your organization could play in an incubator to promote waste exchanges? 
3. What benefits do you expect for your organization in participating in a circular system of waste exchange 
(CE Incubator)?  
a. What benefits could you envision from access to a CE incubator?  
4. What decisions or approval process would be involved for your participation in such an incubator? 
a. With whom will the decision lie for different levels of participation?  
5. Who would you consider important partners/stakeholders in the development and operation of a waste 
exchange focused on plastic (CE Incubator)? 
a. How would their participation impact your decision to participate? 
6. Is the government participation a requirement/desirable? 
a. What form of participation would you want/expect? 
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Secondary Questions  
1. How do you identify entrepreneurial opportunities? 
2. What sources do you explore in your decision about a business opportunity?  
a. How many informational sources do you use in this process?  
3. Would the information sources you currently use identify environmentally friendly opportunities? 
a. What additional kind of information would you find useful in identifying eco-friendly 
entrepreneurial opportunities? 
4. If you were considering an environmentally friendly opportunity what measures would you use to evaluate 
id the opportunity is worth pursuing? 
a. ROI 
b. Breakeven 
c. Payback period 
d. Hurdle rate (for NPV) 
e. Triple bottom line considerations? 
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Appendix 3  
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Document 2 – Research Design 
 
Challenges and Motives for Circular Economy Incubator adoption. A Trinidad and Tobago 
Perspective 
Research Purpose: 
The opportunity of circular economy (CE) approaches such as reuse, or recycling have been under-explored by 
traditional entrepreneurs, arguably because of lack of awareness and access to enabling information such as the flow 
of materials through the economy.  CE-focused incubators can help entrepreneurs seek, recognize, and pursue 
opportunities they would otherwise miss (Jin et al., 2017; Simon, 1997).  Building on the idea that organizations can 
seek profits alongside environmentally friendly activities (Hart, 1995), the focused-incubator model promotes using 
circular-economy-based, non-traditional sources of information to increase startup successes and local 
entrepreneurial activity.  Municipal and industrial waste represent an opportunity to build industrial symbiotic 
networks and improve economic and environmental performance.   The development of a CE focused incubator 
requires the participation of various actors in the community and as such this research seeks to provide insight into 
the challenges and motivations for members of the possible incubator community in participating in this type of 
environment. 
The exploration of this will be facilitated by a case study of the development of a CE focused incubator in Trinidad 
and Tobago (T&T).  A cross section of possible participants in CE incubator will be asked to participate in a semi-
structured interview between December 14th, 2018 and January 10th, 2019.  Two – three participants each will be 
drawn from: 
1. Manufacturing sector 
2. Business Sector 
a. Established large firms 
b. Entrepreneurs/small firms 
3. Banking Sector 
4. Academia 
5. Government Agencies with waste management portfolio 
The pool of participants has knowledge of a mix of the following subject areas as it pertains to T&T: 
1. Waste management 
2. Entrepreneurship 
3. Manufacturing   
4. Finance 
5. Business 
The goal is to answer the following questions 
1. Is there market support for the creation of a CE focused incubator output of waste plastic? 
2. Is there support for an incubator model that promotes sustainable entrepreneurship? 
3. What are the perceived challenges in the development of a collaboration model for waste exchange? 
Research Instrument: 
The research questions are broadly divided into four (4) categories.  The categories explore: 
a. Industrial Symbiosis 
b. Opportunity Recognition 
c. Information Diversity 
d. Incubator development and support 
Research Questions 
a. Industrial Symbiosis 
1. Broadly, is there any space for the development of an industrial symbiosis network in 
T&T? 
i. How do you see yourself/firm participating in such a network? 
2. Industrial symbiosis is founded on trust amongst participating firms.  What would your 
concerns in respect to trust be? 
3. How is waste disposal managed in your organization?   
i. What type of costs are associated with this activity? 
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b. Opportunity Recognition 
1. What mechanism do you use believe will allow you to identify and exploit 
environmentally friendly opportunities? 
2. Do you believe that the waste generated by your firm has any inherent value? 
3. Is there an understanding of what sustainable entrepreneurship means and the use of 
triple bottom lines? 
4. Do you see any role in social and environmental concerns in the pursuit of economic 
profits? 
5. Is there a market for locally sources sustainable materials inputs? 
 
c. Information Diversity 
1. How do you currently obtain information for the identification of opportunities to pursue? 
i. Do you use any information sources that can identify eco-friendly opportunities? 
2. What additional frameworks would be helpful in the acquisition of additional information 
for opportunity development? 
 
d. Incubator development and support 
1. Under what circumstances would you be willing to participate in a waste exchange? 
2. What are the challenges you perceive in more environmentally sustainable action on the part 
of your firm? 
a. Can you see your business/firm being more environmentally friendly in its business 
activities? 
3. What role does the government and its agencies need to play in the facilitation of an incubator 
that promotes environmentally sustainable entrepreneurship? 
a. What legislation or action by the government would influence your participation in 
the development of waste exchanges or eco-friendly business activity? 
4. What incentive/motivations do you need to participate in incubator activities? 
5. Can you comment on the capital investment structure in T&T in respect to its ability to 
facilitate participation in eco-friendly business/investment opportunities? 
a. What type of return on investment would you look for in environmentally focused 
business opportunities? 
Data collection technique: 
Semi-structured interview with follow-up questions 
Location/s of data collection: 
The Republic of Trinidad and Tobago 
1. Executive offices of participants 
2. Meeting facilities of the College of Science Technology and Applied Arts of Trinidad and Tobago 
(COSTAATT) 
Data will be collected by Sherwyn Millette (PhD student) via notes and recording device. 
Time of data collection:  
Interviews will be scheduled between December 14th, 2018 and January 10th, 2019.  Each interview shall take no 
longer than 90 mins. 
Data Storage: 
All records of the interviews will be stored on computer hard drive, external hard drive, and cloud storage facilities.   
This includes scans of notes and consent forms.  Hard copies will be destroyed post PhD. dissertation defense. 
Analysis: 
Records of interview will be analyzed to answer research questions posed in the development of a model for CE 
incubators in Trinidad and Tobago.  Recommendations for the creation of CE incubators will be informed by 
responses of participants.  
Outcomes: 
The outcome of this research will be  
1. Dissertation chapter  
2. Peer review publication 
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